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FOREWORD

The organization of this progress report is designed to emphasize (1) the

integrated approach which our group is using in the study of earth resources

in the State of California by means of remote sensing, and (2) the concentrated

effort that our group is initially making on one of the most significant com-
ponents of California's eafth.resource complex, viz., the California Water
Project.
| It is recognized that most of the decisions required both in conceiving
and in developing the California Water Project had already been made before
our study was begun. This we regard as a major strength rather than a weakness
?nkour Study. Our objective is pot to criticize either the concept that resulted
"in the California Water Project«or-the steps being taken to implement it.
'Instead, we seek to use in our Study the valuable experieﬁces gaingd and ground
_truth acquired by those who have worked for many years on the California Water
Project. We would find it prohibitively costly and time consuming to acquire
this same kind of ''input' independently. Therefore, we ére doubly grateful to
those in the California Resources Agency and elsewhere who have so freely
.;ooperated with us in this Study.
Viewing §uch information in the light of recent developments in the making

~of both remote sensing inventories and socio-economic studies our group seeks

,to develop a '"'model" approach.to this type of resource development problem
wherever it may occur in analogous areas throughout the globe.

Mindful of these considerations and after an introductory chapter, éur
'progress report begins with a s tudy (Chapter 2) of some of the complex socio-
‘economic factors involved in the California Water Project. In this section we

consider:

(1) the potential users of the various water resources that will be



provided by the California Watéf Project with special emphasis on their
attftudeé, prejudices and needs for information relative to that project.

We are vitally interested in better understanding these segments of society,
whether theyvarelagriculturESts or urbanites, recreationists or industrialists,
éonservatioﬁists or éxploitationists. ‘

| (2). the potential managers of water resources that will be prbvided by
the California Water Project, with special emphasis on their informational
reqdifements in terms of format, frequéncy, rapidity and accuracy. |

‘ A second section of our prpéress,report (éhapter 3) deals with a defining
of the parameters that_govérn (1) the Ziili of water, especially in the source
or headwaters area of the talifornia Water Project, (2) the surface and sub-
surface flow of that watér, and (3) the consumption of that water by plants |
and animals. |

The third and»largest section of our report (Chapters.h through 9) deals

with our efforts to defermine the extent to which remote sensing can be used to
’1measure'hydr0109i; parameters in the ''source", '‘central' and "“sink'' areas of
"the California Water Project.

A fourth and conclusive sectfon of our report (Chapter 10) reflects our
desire in this fntegrated project to begin remote sensing studies on a second
major segment of the'Califofnia resource complex, viz., the Coastal and River

ﬁ'belta resources. This interest is occasionediin part by the fact that
" approximately 75 peréent of California's population livgs in the Coastal zone. .
We consider it desirable to implement this new phase of the integrated study

next year even while bringing to a conclusion our studies of the California

_ Water Projgct.
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Chapter 1
INTRODUCT ION

Robert N. Colwell

The wise management of earth resources (timber, forage, soils, water,
minerals, agricultural crops, etc.) is rapidly becoming one of man's most urgent
responsibilities. Much of the urgency results because the supply or quality of
‘.certain of these resources is dwindling rapidly at the very time when the deméhd
for them is increasing prodigiously. Only through wise management will earth
resource managers be able to meet this evéry-incréasing demand.

Human demands for earth resources aré rising at an even greater rate than
is suggested by the term ''population explosion', becausé the per capita
demand also is increasing, both in developed and developing countries. Several
studies indicate that there will be a greater demand for earth resources in the
next 30 years than in all prior periods combined.

This urgent need to manage earth resources wisely generates, in turn, a
need to inventory them accurately. As a prerequisite to intelligent managemeﬁt,
~'.the earth resource manager must know, for each component of the earth resource
' “compleg”, how much of it is Jlocated in each portion of the area which he seeks
to manage, i.e., he must have an “integrated“ inventory. And since manf compo-
1 nents of the earth resource complex in a given area are dynamic rather than
static, it is necessary for these resources to be inventoried freque&tly and
rapidly -- frequently so that resource trends can be followed -- rapidly so
that resource management decisions can be made and fmplemented while the inven-
tory data are still current.

Up to the present time, the means for obtaining earth resource inventories



‘that could satisfy such exacting requirements have been decidedly inadequate;
However,_dUring the past decade such important developments have taken place
in three related fields of technology as to prompt many observers to believe
- that "remote sensing'* will soon provide that means. These three fields of

-development are:

(1) The development of improved remote sensing devices whether they be

aerial cameras of higher spatial resolution than heretofore or thermal infrared
- sensors, gamma ray spectrometers, multispectral scanners and imaging radar
devices, all of which can provide information heretofore unattainable about

earth resources.

(2)  The development of improved vehiclés for the transport of these

remote sensing devices. Not only has there been the development of remote

sensing aircraft which can fly higher, faster and farther than ever before.
_ éince the dawning of the space age little more than a decade ago, earth
'orbiting spacecraft equipped with suitable remoteiéensing equipment, also have
been developed. Through the use of such earth orbiting vehicles one can
obtain the overall synoptic view from which certain earth resource features
can be discerned for the first time. The use of both typeé of vehicles (high
altitude aircraft and spacecraff) in concert with conventional aircraft and
helicopters, permits the earth resource analyst to use highly efficient
“multiétagé sampling techniques'' to a degree that was virtually unthinkable

" until very recently.

(3) The development of automatic data processing equipment and tech-

‘niques to facilitate the rapid and accurate analysis of remote sensing data.

* The term ''remote sensing'' pertains to the acquiring of information about

. earth resources, or other features, through the use of aerial cameras or other
- sensing devices that are not in contact with the features of interest, but
situated at a substantial distance from them.
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Recent progress in this area hés been so impressive as to prompt some
scientists to make the following prediction: We soon will be able to make,
and periodically update, earth resource inventories at a rate so rapid that
it will be able to match even the phenomenal rate at which we will then be
collecting the remote sensing data. They make this claim even though they
" fully realize that the data-collecting process of the future may employ

- multispectral scanners operating simultaneously in 20 or more wavelength

- bands, while covering swath widths of 100 miles or more, and while exhibit-
ing a forward rate of travel of nearly 20,000 miles per hour.

Even with these remarkable advances, however, the wrong decisions could
- easily be made by the earth resources manager if certain socio-economic
factors were ignored. It would not be the first time that technological
‘advances had exceeded man's ability to cope with those advances, but it
could easily be one of the most sérious in this respect. Alternately stated,
. human needs and emotions cannot be overlooked (particularly in these days
of the environment '‘crusaders'') as we seek better to manipulate earth
resources, whether on a local, regionai, national or global basis.

The foregoing considerations were of primary importance in developing
the rationale for our research project entitled "An Integrated Study of Earth
Resources in the State of California Using Remote Sensing Techniques' as
dealt with in the remainder of this report.

1.1 FRAMEWORK WITHIN WHICH TO VIEW "THE MULT!-CAMPUS UNIVERSITY OF CALIFOR-

:NIA RESEARCH PROJECT ENTITLED "AN INTEGRATED STUDY OF EARTH. _RESOURCES IN
THE STATE OF CALIFORNIA USING 'REMOTE SENSING TECHNIQUES”

A key word in the title of this project, which serves to differentiate
it from other research projects funded under the NASA Earth Resources Survey

and University Affairs Programs is the word "integrated''. According to the

dictionary, the term ”lntegrate means ''to form into a whole; to unite with
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stething else; or to incorporate into a larger unit''. In order to appreci-
E ate how such a concept might best apply to the individual and collective
 efforts under this multi-campus project, let us consider the desires of two
groups that are cértain to be interested in this project and its findings.

On the one hand, there are those who need to make major policy decisions
with respect to the earth resources in a particular geographic area and then
to develop management plans that will permit those decisions to be implemented
in an éfficient manner.

On the other hand, there are data acquisition and data processing special-
ists who are interested in knowing (a) what package of remote sensing devices
(and the associated aircraft and spacécraft for transporting these devices)
might best be used to collect meaningful earth resource data on a global
basis, and (b) what techniqués and equipment should be used in extrécting
useful information from the acquiréd data.

The interest of both groups in having research done in the State of
California results primarily from the fact that the findings made there by
"a cbmpetent group of scientists might be applied, with only slight modifica-
tion, to vast parts of the globe which are to varying degrees, analogous to.
' “the State of California in terms of the complex of earth resources exhibited
‘.and earth fesource management decisions to be made.

The links of a chain which might serve to tie these two groups together
are indicated in the diagram in Figure 1.1. Areas of research emphasis of
the different campuses responsive to these different links are illustrated
in Figure 1.2.

An additional way in which to view the links by means of which remote
sensing teﬁhniques can be used to satisfy the informational requirements of
various resource management groups appears in Figure 1.3. The "flow' sug-

.gested by that diagram has served to govern in large measure the sequence in
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ACQUISITION

OF
DATA

Specify spectral
and spatial reso-
lution character-
istics of sensors,
atmospheric con-
straints, target
illumination and
weight, power and
volume require-
ments of the sen-
sors. Specify
performance char-
acteristics of
vehicles needed
to transport sen-
sors, including
speed, attitude
control, service
ceiling, stay
time and ability
to satisfy weight,
power and volume
requi rements of
the sensor pack-

- age.

Figure 1.1. LINKS

STORAGE AND }
RETRIEVAL

OF DATA

Specify the
"model'' or
"models' that
will best
facilitate the

" storage of data

and its re-
trieval peri-
odically by
those who are
to convert the
data into in-
formation that
will satisfy
specific re-
quirements of
the various
users.

CONVERSION OF

DATA INTO
INFORMATION
THAT WILL
SATISFY
USER
REQU!REMENTS

Establish the
"signature' for
each type of earth
resource feature
that is to be iden-
tified, as a func-
tion of its spec-
tral, spatial,
goniometric and
temporal charac-
teristics. By
proper use of
humans and ADP
machines, provide
an "in-place' de-
lineation, area-
by-area, of each
type of earth re-
source, including
vegetation type,
soil type, water

quantity and quality,
topography, culture,

and multi-resource
interrelationships.

DEFINITION
OF USER

INFORMATION

Precisely define
the kinds of

earth resource
information needed
by those who must
develop and imple-
ment management
plans and policy
decisions; also
define the speed
with which these
types. of informa-
tion must be pro-
vided following
acquisition of
remote sensing
data, and the fre-
quency with which
these kinds of
resource informa-
tion are likely to
be needed by the
various users.

VARIOUS RESOURCE MANAGEMENT GROUPS

DEVELOPMENT
OF
MANAGEMENT
PLANS

Determine, for
example, how best

to manage the water-
shed with a view to
multiple use manage-
ment; also how and
where to store water
and to develop and
distribute hydro-
electric power from
it. Also, how best
to transport water
to farmlands, urban
areas and other
places of water con-
sumption.

MAKING OF
POLICY
DECISIONS

Determine, for
example,
to encourage
or discourage
(1) the growth
of a megalopo-
lis in a par-
ticular area,
(2) the inten-
sification of
agriculture in
a second area,
“etc. -

BY MEANS OF WHICH REMOTE SENSING TECHNIQUES CAN BE USED TO SATISFY THE INFORMATION REQUIREMENTS OF

whether
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INVESTIGATOR

Acquisition
of
Data

Storage and
Retrieval
of Data

Conversion of
Data Into
Information

Definition of
User's
Informational
Requirements

Development of
Management
Plans

Making of
Policy
Decisions

Churchman (UCB)

Burgy (UCD)

FRSL (ucB)

Schubert (UCLA)
Estes (UCSB)
Bowden (UCR)
Algazi (UCD)

Coulson (UCD)

el e R e, S

e

- = - ]

- - - —— - = - - = -

- - am = - - o

= secondary emphasis by the investigator

= primary emphasis by the investigator

Figure 1.2. AREAS OF RESEARCH EMPHASIS OF THE VARIOUS PARTICIPANTS IN THIS INTEGRATED STUDY OF EARTH RESOURCES




STATE OF CALIFORNIA |

’ N Other Countries or

Other States, e.g.,l -
Regions, e.g., Mexico

Oregon, Nevada

Earth Resource Policy Decisions

|

Earth Resource Management Problems

R R e S R R
Coastal and .
Urban Resources Desert Water Atmospheric
. Resource Resource Resource Etc.
Human Ecology)
: Problems Problems Problems
Problems

!

California
Water Project
Management
Problems

Hydrologic Resource Managers Informational Requirements
(Hydrologic Parameters to be Measured)

1 B

|
Feather River River Meander Central Project| | So. California

Drainage (Source) | |Studies (North Central) (Center) (Sink)

Information

Analysis
i el Sttt oo !
Automatic Data Electronic Image Human Photo
Processing Enhancement Interpretation
Data Stor»age / .
and Retrieval
I
Data Acquisition
T
I i 1
Atmospheric Parameters : Spectral : Sensor
and Polarization Measurements - Specifications

"Figure 1.3. Diagram illustrating the structure of the |ntegrated prOJect and
fts'relation to other critical resource problems in California.

-7



:which contributions to this progress report appear in the pages which follow.
It is to be emphasized that our initial efforts, as suggested by the central
portion of this diagram have dealt with only one resource -- the water
resource -- and furthermore have been quite specific in dealing almost
entirely with one exampje of that resource and the management problems asso-

ciated with it, viz., the California Water Project.
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Chapter 2

DEFINITION OF EARTH RESOURCE POLICY
AND MANAGEMENT PROBLEMS IN CALIFORNIA

Co-investigator: C. West Churchman
Contributor: Ibrohim Clark
Social Sciences Group, Berkeley and Irvine Campuses

During the first year of our integrated study, as indicated earlier in
this report, attention is being directed towards the California Water Project.
This initial emphasis on water as the resource and on the California Water
Project as the geographic area is helping to bring about a concentration of
.effort which would not have been possible had we tried at the outset to
study multiple resources throughout the entire State of California.

Our concentration on the California Water Project has enabled us to
design the integration in terms of that project!s three geographic compo-
nents: (1) the ''source' (Feather River Headwaters Region); (2) 'center"

(San Joaquih Valley Area); and (3) "sink' (Los Angeles Basin). However,

this terminology can be somewhat deceptive. Even the so-called source has
some of the characteristics of a sink because some of the water in the source
has ultimate use locally for recreation, hydroelectric power, etc. Similar
remarks apply to the central or valley area, where agriculturé uses of the
zwater are obvious. |

Furthermore, during this first year it has become clear that the Califor-
nia Water Project itself is closely interrelated with many other resource
systems of the'Sféte of Caljfornia. This point was well recognized at the
outset by the SoCia]‘Sciences Group which conceived of the Cali%ornia Water
Project as a set of ''decision nodes.'' At each stgge alternative resource

uses must be decided by some policy. The basic question is whether these

2-1



policies are wfse with respect to total state planﬁLng of resources.
Figures 1.1 and 1.2 in Chapter 1 illustrate one way to Jook at our Intef
A gratéd Study in-which there is a flow of information (as derived from an
analysis of remote sensing data and associated ground studies) to the
managers and ultimate consumers of Feather River water resources.

During the coming year the Social Sciences Group's study will be
extended more explicitly to other California resources. This will undoubt-
edly bring about a change in the implications 6f Figure 1.1 to emphasize
the fact that the flow does not merely go from data collection to ultimate
users. The ultimate users should have much to say about the kinds of
data which will be collected, which.means that information must flow from
the users and policy decision makers to the acquisition.of data. Hence
Figure 1.1 is more appropriately represented as a circular chain. Actually

~much of the links of Figure 1.1 are connected by information flows to all
the other links.

The remainder of thi§ chapter is devoted to the discussion of the
efforts of. the Soci;l Sciences Group with respect to the broader problem
of California and its resources.

The objective of the Social Sciences Group is to examine the needs for
ERTS and related daté on earth resources with respect to the management of
resources and the ultimate benefit to the public. A great deal of the
first eight months' activity has been devoted to interviewing managers
(administrétors) in California's local - and state governments; and in the
federal government. This effort has also included the examination of an
enormous number of documents relating to the utilization of satellite and

aircraft information by managers.



The Social ScienceslGroup has defined two approaches to the probleﬁ
of assessing the value of resourcé information. The first is to use the
managers as experts and to ask them to explain how the new technologies of
ERTS A and B and subsequent satellites might best serve their administra-
tive functions. This effort culminated in a week-long seminar at Lake
Arrowhead, California, in which a number of administrators and planners
discussed their needs with member§ of the Integrated Study. The week-long
session was divided into five sub-seminars. In the afternoon one or more
of the members of the Integrated Study explained a particular application
of satellite sensing. The evening and the following morning were then
devoted to discussion on the part of the administrafors as to the kinds of
information that they would find most beneficial. The five topics were
forestry, water,_agriculturalQ urban and general land use. The theme of
the seminar centered around the California Water Project, but the discussion
of course was not restricted to the topic alone. For example, since one
of the attendees was responsible for much of the resource development of
Alaska, a small group of the seminar participants discussed the way in
which remote sensing information could be used for integrated planning of
Alaskan resources. Of special interest in this part of the seminar was
the way in which one might assess the ultimate benefits for the public in
the State of A]aéka. Summaries of the proposed use of ERTS data which
resulted from the Lake Arrowhead Symposium appear in Tables 2.1 - 2.4,

The second approach of the Social Sciences Group consists of trying to
develop a model for the planning and managing of California résources,
starting with the California Water Project as a core and spreading out to

consider its ramifications with respect to other parts of the state and
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region. This effort has resuited in a collaboration between the Operations
Research group of the Boise Cascade Company and some members of our Social
Sciénces Group. It is hoped that certain individuals from NASA Ames will
also become part of this effort. The model provides a method of estimating
the_values of certain kinds of resource information.ﬂ The model, if success~
ful, should enable us to estimate the incremental gain in the economy and
society of a class of information collected by the ERTS satellite and

related information sources.

Hence the major contribution of the model is to enable us to estimate

the social benefit of ¢ertain kinds of resource information, and specifically

to identify the types of resource information which are of more importance

to the public of the State of California.

Furthermore, it should al;o be possible to determine the frequency
which the certain types of information need to be gathered. Very much to
the point in this effort will be the pqssible conflicts between regions of
the state. We believe that the model can show us how one region's optimal
policy, if carried out, would affect another region. For example, if the
Los Angeles Basin's utilization of resources were to follow a certain
policy, then this might have a detrimental effect on the San Joaquin Valley
and the San Francisco Bay area. For the first time it may be possible to
estimate in economic and social terms the measurable conflict or cooperation
between regions in the utilization of resources.

Several issues have been raised as a result of these two activities
which will demand careful attention during the comiﬁg year. Specifically,
it is clear that 5 great deal of satellite information will be used for

regulatory purposes. The as yet unanswered question is the manner in
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ivﬁEE\\SS£S FIRE CONTROL ‘ MULTIPLE USE - SOILS ‘ TRANS PORTATION . ALASKA

Resolution ® Fuel condition ® Gross land use ® Soil patterns (as- * Networks * Fire - long-term
200' - 300' e Measure of vegeta- ® Stratification of sociations) ¢ Model inputs ¢ Unique features
18-day ‘ tion condition (dry, resources ¢ Drainage conditions ® Tundra recovery
repetition green) e Change detection ¢ Salinity

General:‘(Use in Public Education Presentation) & Damage Assessment

Resolution ¢ Improved assessment e Damage assessment: ® Soil temp (ERTS B) ¢ Inland water ® May serve as a
200! - 300! of fuel condition Drought ®* Seeding - exp. cotton and road con- change indicator;
near real ¢ Fuel moisture con- Hurricanes e Moisture change ditions following logging
time ditions by secon- Earthquakes e Soil condition operations
dary phenomena (i.e. Floods change , ® Sedimentation
veg. soil tone) ®* Burned or damaged _ ® Transporation
* Prevention planning area rehabilitation routes for air
more effective in (slides, disaster, cushion vehicles
real time b1owdown)
Great Improvement in Damage Assessment
Higher reso- ® Dynamic measurement < Develop dynamic * Small soil unit ¢ Traffic analysis
lution of heat sources land use planning inventory , * Logging operations
¢ 15! (manned) (& secondary effects) on a national scale * Recreation
* 150' - 200

(unmanned)
near real time

TABLE 2.1. SUMMARY OF SEMINAR I - FOREST USES & MANAGEMENT, December 6 and 7, 1970.



TYPE

IMAGE\\\PSES‘ "SNOW

WATER CLOUDS™  ICE

VEGETATION

SOIL

SEDIMENT & POLLUTANTS

200" - 300' ©® Areal

18-day
repetition
rate

extent

o Afeal extent: ® Areal e Areal

depth (possibly) extent extent:

surface areas. ratio of
ice to
open
water

® Areal extent: by
type and water re-
quirement. Changes
in coastal and
marsh vegetation as
an indicator of
water quality

® Areal extent:
surface soil
ponding during

floods

e Areal extent:

oil &
waste spills (synop-
tic reporting) param-
eters, dispersion,
movement lifetime

200' - 300!
near real

time

Spring
thaw of
ice

Flow move-
ments

® Water quality

e Water drainage .

¢ Thermal grada-
tion can be used.
to check thermal
discharge

¢ Sequential observa-

tion where salinity
is a problem

Possible detection.of
Eutrophication in
large water bodies

Higher
resolution
0]5! )
(manned)
el50' -
200' (un-
manned)
near real
time

Snow cover
depth &
water con-
tent

Snow cover
data by ac-
tive & pas-
sive micro-
wave

» Sedimentation
plumes more
accurately de-
lineated

e Regulatory use
for thermal
pollution

Aquifer detec-

* Eutrophication

tion & definition monitoring

by IR (L-6AM)
Radar, & passive

microwave

TABLE 2.2. SUMMARY OF SEMINAR II - WATER USES & MANAGEMENT, December 7 and 8, 1970.



IMAGE\ ' oo : . SOIL - LAND DAMAGING LAND
TYPE‘\\\USES LAND USE CROP TIME POTENTIAL AGENTS YIELD LIVESTOCK TREATMENT
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sDetection of
frost. damage

eDetection of
raindeer &
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Brush con-
version
Fertilizer ef-
fects

200' - 300! non-irrigated tiveness of crop surface water
near real identification

time

Higher e Sprinkler Crop inventories o Sprinkler vs.

resolution vs. row irri-
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(unmanned)
near real time

tion
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tiveness for dam-
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of effects of
animal use

TABLE 2.3. SUMMARY OF SEMINAR III - AGRICULTURE & RURAL USES, December 8 & 9, 1970
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TMAGE USES NATURAL MAN-MADE - SOCIAL " REGULATION COASTAL &
TYPE FEATURES FEATURES ENVIRONMENT USES MARINE
Resolution e Hydrology - » Urban settlement ® Scenic features ¢ Currents
200' - 300! ® Vegetation e Land use ® Air pollution s Water color
18-day & Geology & Transportation ® Water pollution e Coastline thermal &
repetition rate ® Topography "~ systems ®* Thermal pollution pollution plumes
¢ Soil
® Hazard
Resolution ® Location ® |ocation change e Check land use ® Zoning, interregional
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Higher resolu- ® Check land use e Possibility of
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e 15' (manned) daries
® |50' - 200'
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near real time
TABLE 2.4. SUMMARY OF SEMINAR IV - URBAN, COMMUNITY & COASTAL USES, December 9 & 10, 1970



which satellite information would fit smoothly into the regulatory process,
since there is a concéi?ablé threat of overloading the process with the
flow of additional information.

For example, the satellite may very well enabie one to detect certain
kinds of.insect or disease infestations on California's crops at an early
date. . If so, the state or a local‘agency may wish to take certain actions
to require the farmer to burn down a paft of his crop or to use a certain
kfnd of insecticide, in order to enforce state.policies. Consequently,
certain legal actions May be requifed. One can see that if satellite
information is regarded as objective and authoritative, there may very well
be an increase in the regulatory cases in the éourts.

There is.also the question of the relationship of the government (and
NASA in particular) to the private sector. Assuming that tHe ERTS
experiment will be reasonably successful, we should now begin thinking
about how a satellite information system can become an institutionalized
aspect of government service. Agencies likg ESSA, the Geological Survéy,
and the Census Bureau serve as possible models of this trend in NASA's future.

Our porposal for the coming year therefore is as follows:

1. to continue our search for information on managerial needs for
satellite information using the managers as experts;

2.) to develop a model of the Feather River Project and its rela-
tionsh{p to other state and regiénal planners;

3. to examine the issues relevant to regulatory agencies and govern=-
ment-private sector relationships; and

L, | because the methods of operations research philosophy constitute

a part of the social sciences, and may not be well understood, we are
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consideri_ng holding a seminar of two days' duration in which we try to
explain and discuss basic .ideas  underlying the modeling of California

resources.
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Chapter 3

DEFINITION OF THE INFORMATIONAL REQUIREMENTS
OF HYDROLOGIC RESOURCE MANAGERS

Co-investigator: Robert H. Burgy
Contributor: David R. Storm
Dept. of Water Science and Engineering, Davis Campus

The objectives of this portion of the integrated study are (1) to
delineate the parameters involved in hydrologic systems (2) to outline the
conventional means used in acquiring information relative to those parameters,
and (3) to consider the potential usefulness of modern remote sensing tech- »
niques for acquiring certain parts of this information.

In the past five to ten years, many assessments have been made of the
pofential for use of remote sensing data, both supplementary to current
methods of data acquisition or as alternative sources. Most hydrologists
" have recognized that, for certain specific tasks, there are significant
advantages inherent in the concepts of remote sensing. Many have indicated
pqssible applications in a wide variety of hydrologically important functions.
In this developing ''state of the art'' framework, some have noted the trend
toward over-optimism in predicting the feasibility and usefulness of remote
sensing in hydroiogy, suggesting in-depth research to explore the potential
applications.

" Recent experience of project members engaged in evaiuating, for the
National Academy of Sciences, proposed programs for applying satellite-based
. sensors to the measurement of hydrologic parameters has led to the analytical
approach used in this study. The investigation is designed to provide a com-
prehensive review of current methodology, with the ultimate objective of

determining where inputs which can be acquired via remote sensors might best
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be applied. The approach has been programmed as outlined in Figure 3.1,

‘”A Logic Network...,'" to guide the study tasks and define the paths and
'investigative stages. 1Inherent in the research sequence are interface points
'where other groups working on various aspects of this integrated study are
briefed and where feedback information is generated to insure compatibility
of'analyses and consistency of tﬁe interpretations.

Several contacts between our group and others have occurred to this
date and others are planned for the immediate future. Our participation in
the ”Users' Seminars!' which were held at Lake Arrowhead in December, 1970,
as part of the'integrated study' served to give our group some valuable
insights.

An intensive literature search is in progress and is almost completed.
Our review of this literature is proving to be very valuable by yielding in-
" formation on current remote sensor hardwafe, techniques, RgD prospects and
Spgcifications as related to the measurement of specific hydrologic parameters.

The present status of our work may be summarized as reflecting progréss
through Junction 8 (Figure 3.1) of the logiﬁ network, in terms of research
accomplishment. Selected hydrologic functions haQe been detailed in both
preliminary classification and ‘in refined form. The major effort has been
directéd to delineation of the primary hydrologic systems and components.

A conceptual model of the total hydrologic system and its various sub-
systems is depicted in Figure 3.2. Included are all of the quantifiable pro-
. cesses and parameters that may be rationally judged adaptab1e to remote
: sgﬁsor input. Each of the ''‘cells' of the model represents subsystems that
are identified by parametric groupings. Measurement methods are being speci-
fied, including those based on remote sensing techniques. Logic tests are

being applied to each parameter of the subsystem in an effort to determine
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the extent to which user (i.e. earth resource manager) requirements for hydro-
logic information can be satisfied. Where a parameter cannot be adapted to
alternative measurement, the analytical procedure that we are using redirects
the search in an effort to deduce an acceptable substituté from parametric
combinations or recombinations.

Specification of the parameter measurement requirements will include
‘Mdesired" and '"minimum acceptable'' ranges or tolerances. Tests are being
incorporated to evaluate the relative accuracy of each type of measurement and
'-its effect on the ultimate output. At present it is anticipated that a com-
bination of data acquisition methods will be needed, using a variety of plat-
forms and sensors.
| To illustrate the anaiysis, a sample is presented in Table 3.1,
selecting the storagé subsystem represented by thg uﬁsaturated zone (soil
moisture), as depicfed in Figure 3.2, The parameters listed are generally
used in one or more common hydrologic user operations. The deduction of a
nonavailable parameter is illustrated, based on known physical relationships.
Where measurement of a parameter may not be possible, some acceptable substi-
‘.tute may be developed or, in some cases, the parameter may be eliminated from
consideration if the output reponse will permit. Many user applications of the
data for prediction and estimating purposes, as well as in planning, may not
require detailed understanding of the subsystems. The mere measurement of
gross phenomena may prove to be satisfactory for many purposes.

Another example of a complete subsystem used in the prediction of
watér yield involvés qﬁantification of snowpack water content. Some of the
elements usually expressed in snow runoff and other subsystem definitions are
zliSted in Table 3.2. Obviously, many of these are readily sensed with available

hardware; hence with even nominal advances in technology, the capability of
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precipitation evaporation ) Definition of Sybsystem:

A
1) Water yield potential of snowpack
V- ,
' 2) Weather modification precipitation
increment
SNOW
3) Snowpack status
| l
% v
to unsaturated zone melt to stream flow,
‘channel storage, etc.
A : R. S.
Snow Units » Classic Acquisition Possibilities
w _ '
4 areal extent acres Snow survey
depth inches - " "
density 1b/ft3 r "
water content ) percentage _ " "
temperature °C. or °F. " "
albedo ‘ percent ~  =--=---
precipitation
duration hours © precipitation gage
rate inches/hr " "
form e field observations

Table 3.2. System for Water Storage in Snow.



quéntifying the watér content.of snow by means of remote sensing soon may
exist. Other ""breakthrough'' developments are to be anticipated which will
permit alternative parameter selections.

The conceptual development of a complete framework of hydrologic and
atmospheric parameters, showing their infer-relationships, is planned for
completion in the spring of 1971. The assessment of several combinations of
tasks and parameters in subsystems for all sizes of systems will also be com-
-pleted this funding period. Efforts to make systematized groupings of hydro-
logic parameters énd to discern more clearly the user requirements for hydro-
» logic information will continue into next year; as will the definition of the

role of remote sensing for measuring these important hydrologic informational

needs .
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Chapter 4

MEASUREMENT OF HYDROLOGIC RESOURCE PARAMETERS THROUGH REMOTE
SENSING IN THE FEATHER RIVER HEADWATERS AREA

Co-investigator: Gene A. Thorley
Contributors: William Draeger; Donald Lauer; Jerry Lent; Edwin Roberts
Forestry Remote Sensing Laboratory, Berkeley Campus

During the period covered by this report, the program of our Forestry
Remote Sensing'Laboratory has attempted to assess the usefulness of remote sen-
sing techniques for acquiring information of importance to resource managers,
‘especially those responsible for the water resource. Our experience to date
‘has convinced us of the necessity to use a systems concept and team approach
to define the role of remote sensing. With a view to using this approach, four
~units of our Laboratory are working on studies in the Feather River Headwaters
.areé. These units address themselves to the most important problems which must
be solved if a remote sensing system is to be employed successfully for earth
.fesources inventbry purposes. The four problem areas being investigated under
this team concept are as follows:

'(l) determination of the feasibility of providing the resource manager
with operationally useful information through the use of remote sensing tech-
n}ques;
| (2) definition of the spectral characteristics of earth résources and
'éhe optimum brocedures for calibrating the tone and color characteristics of
multispectral imagery of those resources;

(3) determination of fhe extent to which humans can extract .useful earth
resource information through a study of remote sensing imagery in either origi-
nal form or when enhanced by various means;

(4) determination of the extent to which automatic classification and
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dafa processing equipment can extract useful earth resources information from
remote sensing data.

The units of our Forestry Remote Sensing Laboratory which are engaged in
these four problem areas are respectively, (1) the Operational Feasibility Unit,
(2) the Spectral Characteristics Unit, (3) the Image Enhancement and Interpre-
tatfon Unit, and (4) the Automatic Image Classification and Data Processing
Unit. The following sections of this chapter are devoted, respectively, to the

activities of these four units.

4.1 REPORT OF THE OPERATIONAL FEASIBILITY UNIT

4ot Work Performed During the Period Covered by This Report

The primary areas ofAresponsibility of the Operational Feasibility Unit
‘during the initial phase of this research project consisted of: (1) defini-
tion of specific problem areas upon which efforts of the Forestry Remote Sen-
sing Laboratory (FRSL) might best be focused in light of operational needs of
theAprospective data user, (2) interfacing with other investigators to ensure
that efforts of the FRSL were complimentary to those of other investigators
_}n'the overall project, and (3) determination of optimum methods for evalua-

ting remote sensing techniques as employed in this integrated study.

Problem Definition

Initial efforts at defining‘those primary afeas of investigation in which
the Laboratory should focus its work consisted of an extensive literature
review and discussions with persons in the fields of hydrology and watershed
management. Our Qoal was to ascertain (through efforts complimentary to those
of Professor Burgy at the Davis Campus) those physical parameters of the water-
shed environment of interest.to management planners, and to compile a list of

previous remote sensing research aimed at supplying their needs. |In addition,
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questions were posed in those discussions to determine uses to which varipus
types of remote sensing data relative to hydrologic resources might be put iﬁ
én operational context.

As a result of these discussions, it appeared that a definite immediate
;need-for data of the type that remote sensing might provide did not exist.
When asked,.for"example, if a vegetation map would be put to immediate use,
the potential user would say, ''no, we aren't currently using that kind of
information, but we should'". In many cases research has shown that various
environmental parameters could be used for more effective management planning,
but for a number of reasons (including politics, lack of money and time, ¢
shortage of personnel and bureaucratic snarls) operational practices often
llag far behind research findings.

Thus, while it was found that it would be difficult to tie our studies
directly to actual current practice, it seemed feasible, and quite useful, to
attempt to help fill the gap between research and practice. We felt that this
could be accomplished by concentrating our efforts on certain physical para-
meters which are obviously important in terms of hydrologic phenomena and which
might be used more frequently in the future if one could demonstrate that the
data could be quickly and cheaply gathered. Further utility could be expected
if_the data were stored in a ”daté bank" which was flexible and efficient
gnough to permit 'withdrawals'' by a variety of users in a format with which
they were familiar and could easily work.
A list of suggested categories to be mapped in the Feather River_Headwaters
areé was prepared and presented to the technical units in the Laboratory:. The
"categories and the suggested breakdown for mapping were as follows:
A. General Management Zones
1. _Valley Front
2.- West-side Intermediate
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3. Cresf

L, East-side Intermediate

5. Basin Front
B. Vegetation Terrain Types
1. Water

a. Standing Watér
b. Flowing Water
2, Marshes
3. Grassland
-a. Dry Grassland
b. Meadow
c. Subalpine Grassland
4ﬂ Chaparral
a. Foothill Chaparral
b. Mountain Chaparral
5. Forest
a. Pine-0ak Forest
b. Mountain Coniferous Forest
“C. Subalpine Forest
6. Sagebrush
7. Juniper Woodland
8. Bare and Rocky Areas
9. Urban
10.  Agricultural

C. Vegetation Cover (applied only to 3, 4, 5, 6 and 7 above)

1. 80-100%
2. 50-80%
3. 20-50%
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L, 5-20%
5. Less Than 5%
Watershed Boundary Delineation and Stream Channel Delineation

Steepness of Slope

1. 0-10%
2. 10-20%
3.0 20-30%
L.  30-40%
5. Lo-50%
6. 50-60%
7. 60-70%
Aspect

1. Level
2. North
>3.. East
L.  South
5. West

Geology-Soils

1. Instrusive lgneous
a. Acid
b. Basic

2. Volecanic '

a. Acid
b. Intermediate
c. Basic

3. Metamorphics
a. Serpentine

b. Other
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k. Sedimentary
a. Consolidated
b. Loosely Consolidated
c. Poorly Consolidated
5. Alluvial
6. Glacial
H. Sequential Snow Area Delineation
In terms of priorities for work, it was felt that tests to ascertain the
relative interpretability of various types of imagery for mapping the general
management zones, vegetation-terrain types and vegetation density, geology-
soils, and sequential snow area delineations were of highest priorities. In
addition to suggesting categories for mapping studies, we developed, in
cooperation with the Image Interpretation and Enhancement Unit, m;thods for
evaluating the mapping results quantitatively and presenting the results in
an understandable format. These testing procedures must be established with

the ultimate user of the mapping information in mind.

Integration with Other Investigators

A. The categories and procedures discussed above were determined using
-the best information available. However, it is hoped that as Professor Burgy
and his colleagues at the Davis campus complete their first year's studies
‘relating to pﬁysical parameters of the wétershed and the importance of these
parameters in the determination of hydrologic phenomena, théir findings can
be incorporated into our plans.

fhe reéponsibilities of tﬁe'FRSL in relation to tHose of the Davis
campus groups can perhaps best be described by means of the diégram seen

on the following page.

4-6



"Sensor Data

FRSL <4 }Remote Sensi.hg Data Interpretation

Environmental
\ Information

‘Burgy (Davis) U }Earth Science Models

Pred. or Est. of

Hydrologic Pheno-
mena

}Managemént Decision Models

Mgt. of Policy
Decision

in this diagram, each box represents av”hard information site', while
each arrow represents an ''interpretive process'' which transforms fnformation of
one kind to information of a different kind further along the path that leads
.fo a resource management or policy decision.
In thi; study the primary responsibility of the FRSL is to ascertain
- the degree to which sensor data can be interpreted to supply basic environ-
mental information to the hydrologist, while the Davis group is primarily con-
cerned with determining the kinds of environmental information needed to
predict or estimate hydrologic phenomena by means of earth scieqce models.
B. "The' «User~ Seminars on Remote Sensing which were held at Lake
Arrowhead, California, sought to ascertain the uses to which data acquired by
" earth resource satellites (such as ERTS-A) might be put by land managers fn
the State of California, and to define the benefits which might be expected
" from such satellite systems. The seminars presented an excellent opportuhity
for representatives of our Operatiohal Feasibility Unit to speak with various
representatives of land management and planning agencies within the state,
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"and to gather additional information relative to the planned testing of
remote sensing systems in the Feather River area. In addition, the discus=
'sions suggested further coordination meetings with data users which will be

discussed in a later section of this report.

L.1.2 Work Currently in.Progress

" Problem Definition

It is expected that during the balance of the funding year considerable
effort will be focused. on cooperative work with the Image Interpretation and
Enhancement Unit as actual tests of the ability of interpreters to extract

resource information from simulated space photography are performed.

: Integration with Other Investigators

One result of the Lake Arrowhead meeting was a concensus by the partici-
pants that further meefings with representatives of those state and federal
agencies charged with monitoring and management of the natural resources of
California would be useful. The problems which will be involved and the
%ormats which should be used in disseminating ERTS and subsequent resource
satellite data to users were discu;sed at Lake Arrowhead. Certain of the
p;oblems appear to be formidable indeed. However, it seems that a logical
starting point for deyeloping practical uses of ERTS-type data could be the
formulation of a list of common requirements and the initiation of a coopera-
tfvé program involving researchers and users. |t is toward this end*that the
Fprestry Remote Sensing Léboratory intends to conduct a one or two day
méeting of the Lake Arrowhead participants at a convenient location somewhere‘
fﬁ the San Francisco Bay Area. Hopefully, one result of. this meeting will be__

the formulation of a definite plan which will lead to the use of ERTS data by

~ most of the major resource-management agencies of the State of California.
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t b4.1.3 Future Proposed Work

Duriﬁg the second funding yéar_of the study, the efforts of the Opera-
tional Feasibility Unit will be directed toward an evaluation of the resource
mapping and evaluatién procedures using remote sensing techniques. Also

,éloser cooperation with users of resource data will be attempted in an effort
to more accurately ascertain the operational value of remote sensing tech-
niques. Specifically, contact has been made with several individuals or
'organizations which will be active in the Feather River Headwaters area during
@he coming year in the fields of hydrology or watershed management.

A‘private engineering consulting firm with experience in the field of

“hydrology has proposed an operational watershed modeling project to an agency
of the federal government, for purposes of flood forecasting. Their modeling
techniques have been proven to be effective on major watersheds in the
Southern Sierra Nevada, but have yet to be applied to an area as diverse as
the Feather River Basin. The firm has expressed the desire to cooperate with
the FRSL in evaluating remote sensing techniques in providlng input data to

- the watershed model. |

The California Cooperative Snow Survey regularly monitors the snowpack
of the Feather River Watershed by means of fixed-point snow course measurements.
The accuracy of predictions of runoff derived from these measurements is
limited due to the necessity of extrapolating from a few points the entire

" watersheds. However, it seems possible that the use of aerial photography in
;onjunction with these point measurements could greatly increase their value.
-Thus 5ﬁ attempt will be made to work with the Snow Survey to investigate these
‘possibilities.

Finally, the U. S. Forest Service, which administers the bulk of the

wildlands comprising the Feather River Watershed is engaged in a project
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designed to ascertain the effects of land use-soil interactions oh water
quality and quantity. Again, contacts have been made and an agreement reached
that cooperative studies between the FRSL and the Forest Service are desir-
able. Thus, an excellent opportunity is afforded to draw upon the expertise
of Forest Service personnel in the fields of soil science, hydfology and land
management, in combination with the remote sensing capabilities of the FRSL.
In summary, each of these opportunities for cooperation with other
organizations will enable the FRSL to evaluate remote sensing procedures in
an operational context. Each case represents a situation in which the
desired resource data will continue to be acquired by conventional means
 unIess it can be demonstrated that an innovative technique can provide the
éind of information required, at an accuracy neceésary for satisfactory per-

formance of the job.

4.2 REPORT OF THE IMAGE INTERPRETATION AND ENHANCEMENT UNIT

4.2.1 Work Performed During the Period Covered by this Report

Research being performed by personnel of the Image Interpretation and
vEnhancement Unit (11&E) is oriented towards developing image interpretation
techniques that can be applied to the entire Feather River watershed above
Oroville Dam and that will provide resource inventory information of use to the
hydrologist or watershed manager. To accomplish this objective, we are build-
;{ng on our experiences and knowledge previously gained while working Qithin
‘the Bucks Lake-Meadow Valley Test Site. This smaller, intensively studied
areé, is being used as a calibration site from which we can extend to the
adjacent and analogous areas comprising the entiré Feather River Watershed.
This concept of expanding the scope of our work from the Bucks Lake-Meadow
Valley area to a surrdunding larger area certainly conforms with the "extended

test site principal' currently being voiced by NASA personnel.
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In no way are we duplicating, for this much larger area, work that has
‘already been completed and reported upon by our group. Instead, we are con-
éentrating our efforts on deriving image analysis techniques applicable to
extremely large areas using mainly synoptic view, small scale imagery. We
have found that in many cases we are able to directly apply wha; we have
already learned from our studies within the smaller, centrally located cali-
lbration site.

Three types of imagery constitute the raw data which our Unit is analyzing:
(1) a degraded semi-controlled photo mosaic made from RB-57 Infrared Ektachrome
copy transparencies, (2) RB-57 Infrared Ektachrome copy transparencies --‘viewed
ih non-stereo, and (3) RB-57 Infrared Ektachrome copy transparencies -- viewed
in stereo. The degraded photo mosaic has been prepared in an attempt to simu-
]ate_(in terms of scale and level of image resolution) a single, reconstituted
false-color image that might be obtained early next year by the.ERTS-A vehicle.
The non-stereo RB-57 high flight photo mosaic is a close approximation of the
'yery best hard copy photography that might be obtainable from space sometime in
fhe near future (similar to what might be procured during'the proposed Skylab
-experfment, tentatively scheduled for lauﬁch in late 1972 or early 1973). Thg

stereo RB-57 high flight coverage is a true representation of the quality of

imagery obtainable from state-of-the-art high flying aircraft; in the future, air-

craft such as the RB-57 will be used to support spacecraft. overflights for the
purpose of obtaining high resolution imagery of sample and subsample geographicA-
locations, i.e., calibration sites such as the Bucks Lake-Meadow Valley Test
Site;

All three'types of raw data‘are currently being analyzed for the purpose of
-déterminfng their information content. Specifically, three kinds of resource

survey information are being sought with the aid of these types of imagery:



(1) vegetation-terrain surveys,‘(Z).snow surveys, and (3) environmental change
surveys. In an effort to thoroughly define these inventory objectives, our
group is working very closely with Professor Burgy and his associates on the
Davis campus and personnel of the Operational Feasibility Unit at the FRSL. A
major portion of each of their contributions to this report, found in preceding
" sections, dwells on defining informational requirements of the hydrologist and
enQironmental parameters relating to vegetation/terrain, snow, and environmental
changes that might be measured and evaluated by means of remote sensing. Our
integrated efforts have successfully led to a series of well defined project
'objectives for our Unit. For example, for each environmental parameter the
following mapping criteria have been defined: (1) the type of imagery to be used,
(2) the extent of the area to be mapped, (3) the minimum mapping size of the
unit, (4) the proposed method of evaluation, and (5) the source of ground truth
information. | |
: Furthermore, during this first reporting period for the project, we have
evaluated all existing remote sensing and ground truth data avaélable for the
Feather River Watershed area. The Bucks Lake-Meadow Valley Test Site, selected
as one of the very first NASA Earth Resources Program test sites, has been
periodically flown with a variety of aircraft capable of procuring conventional
éerial.photographs and exotic remote sensing data (e.g., thermal infrared and
active microwave - SLAR - imagery). Before, during and for some time following
egch overflight, FRSL field crews were actively collecting supporting image
calibrafion data and resource condition information. In addition, a flight by
~ the NASA RB-57 aircraff covering the entire Feather River Watershed area was
‘carr}ed out on July 25, 1970. As in the past, field crews supported the mission
by éollecting‘ground truth information; in this case, terrestrial photographs

were taken of representative terrain features and conditions found throughout

4-12



‘the{entire study areas.

Figures 4.1, 4.2 and 4.3 illustrate the three types of imagery (degraded
high-flight photo mosaic, non;stereo high-flight photo mosaic and stereo high-
flight photos) constituting the raw data which is undergoing analysis. These |
images have been prepared using the July 1970 RB-57 photography. With the aid
of these high-flight photos we have been preparing and will continue for several
weeks to prepare reference and image interpretation key materials which will be
_USed by the image analysts during the mapping phase of the project. For each
parameter to be mapped, we are developing a working key which includes (1) a
general description of the resource feature, (2) a description of its image
characteristics, (3) terrestrial photographs showing representative examples of
the featuré, and (4) high-flight imagery showing representative examples. of the

feature.

4.2.2 Work Currently in Progress

Once we haveAprepared interpretation key materials for each of the
environmental parameters to be mapped, we will begin the actual mapping phase
of this study. In each mapping exercise, we are atéempting to determine the
kinds 6f information that can be extracted from, first, low resolution simu-
lated spaceborne imagery, then, high resolution simulated spaceborne hard copy
film, and, lastly, high resolution high-flight photography. Furthermore; in
each case, we are emphasizing the optimum sampling procedures needed to accom-
plish é particular survey task -; which often include the employment of limited
_ amounts_of small scale photo coverage; large scale photo coverage and on-the-

ground observations and measurements.

L.2.3 Future Propused Work

During the second year of this study, which leads off, fortunately, with

4-13



-4

Figure 4.1. A portion of the degraded semi-controlled photo mosaic for the Feather River Watershed area made
from RB-57 Infrared Ektachrome copy transparencies is shown here at a reduced scale equal to 1:250,000. The
ground resolvable distance for this imagery is between 500 and 1000 feet -- certainly no worse than what can

be expected with proposed ERTS imagery. Note, however, that an important geologic-soil condition, viz.,
serpentine soils derived from an ultrabasic metamorphosed parent material, can be accurately mapped even on

poor quality imagery such as this.
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Figure 4.2. Non-stereo prints (in mosaic form) made from RB-57 Infrared Ektachrome copy transparencies are
shown here at a reduced scale equal to 1:250,000. The ground resolvable distance for this imagery is between
50 and 100 feet; earth orbiting spacecraft returning hard-copy film might sometime in the future obtain imagery
approaching the quality displayed here. Note that the soil-vegetation boundaries seen in Figure 4.1 are more

clearly defined on this imagery.
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Figure 4.3. A central portion of the Feather River Watershed area, including much of the Bucks Lake-Meadow
Valley Test Site, is sliown here in the form of a stereo triplet and at a reduced scale equal to 1:250,000.
The ground resolvable distance for this imagery is equal to that on the imagery shown in Figure 4.2, 50-100
feet; however, with the addition of stereo parallax, the amount of extractable information from the high-
flight imagery is greatly increased. The soil-vegetation boundaries, shown in Figures 4.1 and 4.2, are quite
easily mapped when given the added advantage of seeing the terrain in the third dimension.

Terrestrial photos
taken at points X and Y are shown in Figure 4.5.
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A portion of a geologic map (Chico Sheet, State of California, Division of Mines and Geology)

Figure 4.4.
covering the areas presented in Figures 4.1, 4.2 and 4.3 is shown here. Ultrabasic intrusive rock materials

are colored purple on this map sheet, and this information was used to prepare the ground truth overlays
on the preceding photo illustrations.



gl-%

These ground photos were taken on September 29, 1970, when nearly all participants in this
The photo

Figure 4.5,
project, including several NASA representatives, toured the Bucks Lake-Meadow Valley Test Site.

on the left was taken at point X (see Figure 4.3) and shows the ''tension zone' found to occur on a sharp
soil-vegetation boundary; within this zone there can be found species of plants and trees not found on

either site adjoining the boundary. The photo on the right was taken at point Y (see Figure 4.3) and shows
a large area of exposed granite rock. Knowledge concerning the areal extent of such a terrain feature
would be extremely important to a hydrologist as he attempts to evaluate a factor such as runoff rate for

sections of land under his management.



ifouf months cons}defed'tovse the prime field season in the Feather River Water-
shed area, our fiejd cfewsewi]l~collect detafled grdund truth data on field
plots systematicallyulocated fhroughcut.the entire stﬁdy-area.- New methods for
collecting ground data will have to-be devisea and perfected. In the past,
working in limited areas with adequate road networks, we have relied.on the use
of field vehicleeIWhi;h have provided:us with speed and mobility while collecting
'ffeld data. However, it is unrealistic to consider the use of automobiles when
: wdrking in. vast ereas, eepecially ﬁewly devefoping areas lackfhg an efficient
road system. .Consequently,;a Helieppter will be employed to transport a field
crew throdghout tﬁe.ehtife stuay area and en attempt will be made to determine
the optlmum use of such a vehlcle for these purposes. Once this ground truth
is procured next summer, we W|Il be a pOSItIOﬂ to thoroughly evaluate, with the
aid of quantitatiye statistica1 methods,.the interpretation results obtauned
during'the’previous year. Deliheatione en‘eaeh survey map made during the pre-
vious year will be enalyied and definitive statements will be made concerning
their accuracy and, tﬁefefore,'usefulness. In essence, a major part of our
‘Unlt 's actuvutles durtng the second year will center on the evaluation of the
survey data collected durlng the previous year.
In addition, there W|ll be increased coordination between our Unlt and the

'Speetral Characteristlcs and Automatrc Image Classification and Data Processing
_Uhits»of tBe Ferestry RemotefSensing:Laboratory. Spectral data collected from

those resource*Features deemed most important to the hydrologist will be avail--

~able and useful fdrvdefinfng the optimum specifications_for-acquiring imagery -

(i.e., proper spectral bands) and for deyeloping reliable image interpretation
keys in which image characteristics can be presented as, or supported with,

spectral data. Furthermore, the interpretation results, presented in map form,
can be prepared in such a format fhat the ADP Unit can incorporate them into a

flexible computer operated ''data bank'', from which key environmental parameters
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can be not oojy‘effioiently extraoted but Withdrawn in a format useful to the
land manager. | |
Hopefully,vthe work beiné performed by the perSonnel of our Unit, along |
with the findings of other staff members at the FRSL, will result in the devel-
opment of sound resource inyentory techniques applicable to enormous land areas.
- We feei-that thelkey to a.successful input to this project from our group lies
in being able to oemonstrate that meanihgful regional resource surveys can be

“rapidly performed with the aid of synoptic view remote sensing imagery.

4, 3 REPORT OF THE_AUTOMATlC IMAGE CLASSIFICATION AND DATA PROCESSING UNIT

h.BLIv WOrk'Performed Durlng the Perlod Covered by this Report

The studies performed to date by our Unit on this integrated project have
been coofined primarily to the NASA Forestry Test Site, which is a portion of
the‘Feather River Headwateré area. Our contribution has been aimed at integ-
rating a variety of automatic fmage classification techniques with conventional
"manual interpretation methods in an effort to better define the overall resource
analysis task in light of largee§ca1e'planning decision requirements. In order

to effectively accomp!ish-our intended -role in the overall project effort, we
centered our preliminary activity upon the upgrading of our existing FRSL
(Forestry‘Remote Sensing Laboratory) data handling facilities. Careful consi-

- deration was_given to (a) the greatest utilization of existing campus computing
faeilities where possible, and (b) the development of ; local data handling
system which wouid provide Both ease of access and analytical flexibility for
possible use by all project-participants -- especielly where man/machine inter-
_ections might best be successfully studied.

Coincfdent with our.effort'to deveiop a local data handling system, we
have made significant. progress in several additional areas of activity that are

pertinent to our overall project objectives. We have successfully converted
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,the'LARS (Laborafory for App]ieations,ih Remote’Sensing, Purdue University)
:'béftern recognition kqutines to run on the Berkeley Campus CDC 6400;computer,
thus providing a'pEOVen'“autometed“ feeegnition system for remofe sensing data
here on the west coast.. Prel}minary input tape fofmat processing is necessary
for CDC compatibility,ibut‘this.step is readily accomplished in a minimum
amount. of tfme; We also.exbect fo comp]ete invthe near future certain program
user revfsions as weii,as édditioné to the_basfcvcore of statistical algorithms
'.'Which will provide gfeafer deta;dimensiona1ity‘f0r decisfon—rule classffication.

. in addition,‘several of oufbstaff members were able to visit other remote
senSIng centers specnaIIZIngvln remote eensor data collection, processing and
analysus in order to famlllarlze us wlth each center's areas of interest and
.expertise For example, the partlal results of a recently completed joint
: study between the FRSL and Unlversnty of Michigan of vegetation and related
resources in the Feather Rlvervreglon are included herein as representative of
certain deta‘col]ection syétems-of interest to the broject. We intend to con-
tinue ties with these centers in the'belief that mutual ''cross-talk'' of ideas
”ehd techniques for automafed image analysis is beneficial to all parties invol-~
ved. We intend to Work closely with several groups which exhibit unique hard-
:ware facilities that are too costly to duplicate within the project structure
" 'but which show promise in the analysis of earth resources from an automated
‘epproach. These centers have already expressed.a desire to trade data of mutual
_interest fdr_algorithmdtestidg,‘techhiqUe-evéIUQtfon, etc.

Ouf‘efforts and succeeees to date‘regarding development and‘study of a

”data.bank” using a portion of the Feather River Watershed area for testing pur-
”poses.have been such that an even greater portion of time will be devoted to
:this area of endeavor in the near future. Our preliminary results indicate
;our approach or some modification if it, will be of great assistance to the

resource manager in maklng certain decisions requiring rapid access to
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information about .a reglon of interest,. Several,e*amples are presented in
subsequent parts of this sectlon As we‘contlnue to work more and more closelv
with the users and plannlng decns:on maklng tnterfacung at other junctures wnthln
the- total prOJect we W|ll learn addltnonal features about optimizing update

' procedures and streamlxnlng the system for maximim utilization. Each ot-the
above mentloned areas of actlvnty by our Un|t is discussed in greater detail in

the succeedingvsub—sectlons,

.h 3.1.1  FRSL Data Handling Faculltles | A prellmlnary requnrement for the suc-
cessive stages of study in our long range prOJect obJectlves was the upgradlng
of our existing data processing facnlltles. . Certain hardware components were
already avaulable to us (in partlcular confuguratuons) as a result of prior
| studles - What'was~requ1red in view of the stated |ntegrated pFOJeCt effort,
was_ the desugn and speC|F|catlon of a more: flexible ''system'' using our eX|st|ng
_components to the fullest extent in conJunctlon with those additional components
necessary to properly conduct our tasks. !
With‘respect to our data processlng tasks and the specification of an
effective system to handlevthem; we consldered there to be two primary design
,reduirements' (l) the system was’ to be highly suuted for rapid operator lDEELT
actlve data dlsplay and decision- maklng employlng dlgltal techniques; and (2) the-
"system was - to be readlly acce55|ble and usable by any of the project participants
having'need for partlcular‘typeS'of‘data reductlon and processung.
Con5|derlng the follOW|ng list of exnstnng hardware components in light of
“our design reGU|rements, :t is fanrly evudent that effectlve,'lnteractlve dis-
‘play components were necessary

- programmable 'process control' unit having 4096 sixteen-bit
words of addressable memory

- magnetlc cassette recorder unit for special purpose programs-
and data storage (up to 3.6 million bits/cassette).
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- customized scanning mlcroden51tometer for dtgltthng film
transparencies as a source of input to feature classifica-
tion techniques.
- low-speed teletypewriter for input/output of alphanumerlc
information either by dlrect keyboard entry or paper tape
read. and punch
‘With the above list as the-baSe structure of our system, we have successfully
interfaced to date the following components which are principally oriented
towards satisfying the first of our two design requirements:
fo- '9-track_industfy“compatibie magnetic tape transport for added
data storage and data manipulation, especially where it is
required to transport reels between remote sensing centers.
- ‘additiona] 4096 sixteen-bit words of programmable memory for
increased program requirements and to facilitate data
. transmission to and from the campus - computlng center facili-
. ties.

- “data communications link to the .computing center facilities
for “near real- tlme” digital transmission and display work.

- lo- inch storage tube display unit for alphanumeric, vector,
and/or point-plot display capabilities.

thle odr “local” remote computer terminal system is by itself a fairly

modest unit iﬁ terms of in-house pfocess control and data recording, it becomes
a véry powerful research tool wHen.it is linked up with the campus large-scale
tomputers for stafistical anélyses and man/machine interactive processes.
_Additioﬁal.compOnents{ aimgd primarify at improving the second of our two
Hesign,fequiréments_are listed ahd discussed in the subsequent section entitled
M ut‘,qrg_.f roposed Work''. | S,

o With the FRSL Terminaf/bisplay System in its presént first year configura-
tion, we haveiprogressed to the'following data handling and analysis capabilities;
Ve preéehtly have the cépabi]ity'to digitize black-and-white film transparencies
(either negathes or positfves) and perform certain preprocessing of the data
prior to frahsmissiqn t6 the larger high-speed computer for subsequent analyses.

‘At this stage, many options are available to the tnvestigator as to his choice
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Of analysis. Our Un!t personnel are prlmarlly |nterested in classnflcatlon of
the dngltlzed data whlle others in the FRSL, or co- |nvest|gators within the
atotal project,?may have need for dlfferent forms of processing and analy5|s

prior to dlsplay and decision-making. One important aspect'of our digitizing

' efforts is determining, for various resource features and conditions, optimum
_scanning parameters for successful automatlciclassiflcatlon of them using
various classifying algorithms."Our'scanning microdensitometer will digitize
at the-approximate.rate.ot‘BOO‘samples per‘seCOnd (becaose of the scanner's
software routine for controlling the two stepping motor operations; much higher
rates are possihle by'changlng this controller routine, but a significant loss
in geometrlc fldellty results between adJacent lines for certain applications).
The stepp|ng motors have specnflcatuons for 0. 0005” incremental steps, but we
belleve our toleranceflevels for'the staging mechanlsms to be such that 0.001"
is our minimum'sampling intervalu We do not at the present time feel it is
_necessary t0‘upgrade the'staging mechanlsm to further reduce the sampling
|nterval |

We have proceeded along two paths of development'ln maklng total use of
the system s data handling “software“ capabilities:

A(l) development of routlnes whlch control the operations of the various
peripheral‘devices that\are currently |nterfaced\tovthe central processor
unit; and | | - | |

(2) development.of.routlnes‘which enable user controlled data preproces-
siné and analyses, either 16¢a11y at the system termlnal or remotely to the
campus computer center. |
A well designed; comprehenslve package of routines of the first type is essen-
tial for the fullest exploitation of capabilities afforded by the second type.
. Routines exist which enahle random access of either programs or data strings

from the~magnetlc cassette recorder. For example, it is possible to digitize
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high altitude aefia] photggrabhy qf impbrtant_égricultural crops on a field-by-
field basis.and, depending on ;calé dfkphotography'and sampling intensity, |
store up to several thousand fields on a cassette. Then, various combintaions
of fields can be accessed and.storéd in computer memory in just a few seconds
from.the3cassette fof the purpose of determining tone signature variability,
plotting frequency histogramsiof digitized optical densities, displaying
selected denﬁity “glfces“.for comparison wfth ground truth information, or a
number of othef alternatives’whfch can be made available to the investigator.
Figure 4.6 sﬁmmarfzes the cbrfeﬁt stafué and‘capébilities of the FRSL Terminal/ .

Display System.

L. 3.1.2 Tieslwifh Other Remoté Sensing Centers. One important aspect of

our rgsearch'éfforf is the heed to sfay ébreast of related research being con-
ducted:at ofher'remote séns?ng-éenters‘égross'the nation. Mutual cooperation
can be realized at a small cost to the project wherein ideas and techniques are
_éhared'and discussed witﬁvother experts in the field. Too, in many instances,
particufafly‘unique Capabflities'aré'exhibited.by each of these centers to the
poiqt where both parties ;an3pafticipate in exchanges of data, sensbr systems,
or fnterprefétion systems. Thué we have férmuiated plans to exchange freely,
techniques and resﬁ]ts'of varioﬁs classifier algorithms with those centers
wishing to do so. Several examp]es.of exchanges and mutual studies have already
tranéﬁired which compiement our specifically funded objectives. Four centers
are involVed_as primary cdntaﬁts'expressing interest in our endeavors as they

relate to their own particular studies.

Laboratory for Applications in Remote Sensing (LARS), Purdue University

This group has long been active in developing ''pattern recognition' tech-
niqués through computer applications of remote sensing data. We were able to
acquire from them the source program listing for their LARSYSAA routines. We
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Figure 4.6. Current system status and software capabilities of the FRSL Terminal/Display. Shown at the left

is a schematic of our FRSL system components.

The 8k mini-computer's capabilities were previously described

in the text. Our scanning microdensitometer can digitize optical densities to 12-bit resolution on an X, Y

scale as small as 0.001".

Both scales can be independently computer controlled for recording either on the
cassette recorder or 9-track tape transport for subsequent analyses.

The storage tube display unit has a

sophisticated controller for character, point and vector generation which was student-designed as a Master's
project. It is an extremely fast device which interacts well with the CPU's ability to handle bits of informa-
tion rapidly. Shown next to the schematic of present hardware components is a partial list of software capa-
bilities, which is presented to indicate the diversity of analytical techniques which is possible from the

Terminal/Display System.

Following each itemized entry, either the letter ''L'" appears signifying this technique

can be performed ''locally', without need for the large computer; or the letter "T', signifying that this technique
requires transmission to and from the CDC 6400 computer for completion.



have been familiar with the activities of LARS for many years, enjoying several
opportunities to ''squeeze'' into their own heavy schedule of activities. This
has permitted us to work directly with their computer-programs, hodifying these
Vprojrams as necessary for studies aimed at classifying wildland features and
rangeland vegetatioh communities (this latter study performed for Dr. Poulton at
Oregon State University). With the source listings in hand, together with
duplicate magnetic tape copies of known terrain sites and conditions which had
" been previously scanned with a multi-channel scanner, it was a fairly straight-
forward task to adapt the routines to our own campu§ computer center facilities.
‘The major problem which had to be overcome was that of modifying the tape for-
mats to be compatible with the CDC equipment. With this set of routines now
more .readily available to our Unit interests as well .as others in fhe project, we
‘anticipate increased use and study of computer-oriented recognition techniques

in the handling of high-altitude and satellite-altitude remote sensing data.

The ability to rapidly inventory resources for planning requirements, of course,
suggests the use of high-speed devices for data handling and interpretation.

We will first make some modifications to the LARSYSAA routines in order to make
full use of our system's capabilities in terms of input and output. For example,
it is desirable to have the interactive segments of the program displayed on the
CRT storage tube deviée for operator decision of various options. Also, it is
highly desirable to include additional analytical dimensionality routines for
utilizing the»total information cqntained within the scanned remote sensing data.
It is felt that '"textural' data (i.e., the relationship of neighboring points or
samples with each other) will pfovide increased ability to classify some of the
difficult features and conditions which it is présently desirable to attempt to

delineate.

Willow Run Laboratories, University of Michigan

We have recently concluded a NASA funded joint study of computer-oriented
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feature classifications using a variety of digital and analog techniques for
'dispiay of results. An important rationale for maintaining close association
with the Willow Run Labs is their proven experience in optical-mechanical
scanner techﬁology. Part of the ERTS satellife program involves the design

~and use of a four-channel optical-mechanical scanner.device for terrain data
recording and subsequent analysis. The Willow Run Labs presently have an
eighteen-channel scanner which spans the fouf ERTS bands and should prove of
interest in assessing the usefulness of scanner data for resource delineation.
Theldigital approach to feature identification used by the Willow Run Labs
closely parallels the LARS programs mentioned previously. Because the raw
scanner data are collected and digitized by the same group, some additional tape
preprocessing is used to correct‘any drift in signél due to changing aspects or .
.slobes. Figure 4.7-shows the comparative spectral recording capabilities of

the ERTS four-channel device and the Willow Run eighteen-channel scanner.

Center for Research, Inc., Engineering Sciences Div. (CRES) University

of Kansas

" The thoughts of this group of experts very closely parallel our own
thoughts with respect to texture analysis of digitized remote sensor data.
CRES has developed a unique hybrid computer display system based upon multiple
flying-spot scanners linked to a.color video monitor. CRES personnel have
recently added a computer/disc interface which permits storage of images and
subsequent ''overlay'' displays. We have worked with them in the past on
studies of wildland feature and‘agficultural crop discriminations using their
interpretation system with a wide variety of remote sensing imagery. Figure

4.8 illustrates an example of video display from the CRES system showing the
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Figure 4.7, Comparison of spectral sensitivities of the ERTS-A sensor package
vs. the University of Michigan multispectral scanner. Shown in this chart

are the respective spectral sensitivities, by channel numbers, of the ERTS-A
sensors and University of Michigan multispectral scanner. In the above chart,
only the 12-channel spectrometer device from the Michigan sensor package is
noted for reference. An additional six channels comprise the total 18 channel
sensor capability (1 UV channel and 5 near infrared and thermal infrared
channels). Without special filtering, little comparison of signatures appears
possible between these systems. Notice also that the ERTS-A sensors are not.
sensitive below 0.5 micrometers. Several studies of resource recognition
systems conducted by this author using multiband input data have shown that
information between 0.4 and 0.5 micrometers improves the overall classifica-

~ tion accuracy.
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Figure 4.8. Example of color video display using multiple inputs as performed
on the University of Kansas (CRES) IDECS system. As many as four flying spot
scanners can be simultaneously employed to color enhance multiband images of
interest. In the above example, agricultural crops are displayed using

mul tiband black-and-white photo transparencies as input. Cotton fields are
displayed as light blue; alfalfa as red; and sorghum as green. A great
variety of colors can be selected for highlighting a particular feature of
interest, or, to merely assign various colors to separate tone signature
"slices''. Note that a more readily interpretable image is presented to the
viewer when color is used as the encoding medium rather than greyscales, or
alphanumeric symbols (which suffer additionally from the annoyance of raster
distortion). However, the video related color display technique places
greater demands on data volumes and rates of transmission between computer/
disc and monitor. The modified color system shown in Figure 4.12 will enable
single frame manipulation and classification display without video disc
requirements.
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added adyantage of color for'interpretative analysis. We have noted upon
‘numerous 0ccaslons the‘yalue of‘dlsplaying electronic discriminations in
contrasting‘color hues in preference to greyscale display. Our Unit is
proposnng a sumpllfled dlgltal color display unit to- complement the real-
tume XLQEQ dlSplay device belng developed for the prOJeCt by Dr. Algazi's
group. Further discussion of thls-devlce appears in a later section of this

cnapter.

Remote Senslng.of Nature (REéEﬁA), Colorado State University

, One flnal group.is mentioned.becauSe'of recent correspondence which
.suggests‘that our two'laboratorles'have much. to gain by exchange of ideas
and various:klnds:of remote sensor datalv The RESENA group is entering into
~some studles of automatlc pattern recognutlon and has developed a modest sys-
tem for data-handllng and analysls " We have agreed to exchange: data (mag-
netic tapes,fetc ) of yarious klnds«of dlgltlzed data for analysis purposes.
Of partlcular |nterest to our Laboratory is thelr field van ground data
collectlon facnllty whlch of course, must accompany most |mage interpretation
systems closely in order to determlne'accuraCIes of discriminations.

| There are numerous'otner centers which mloht be mentioned here, but we
feel that tnose‘mentlonedvabove provlde a complementary set of objectives
~with respect to automated lnterpretation techniques of interest to this
v project, and also possess.some unloue capabilities in terms of systems
development that'are imposslble to duplicate within our project. With our
Unlt seeking to develop a comprehensive digital system for resource analysis
and mith the Davls-campus effort by”Algazl; et al., seeking to provide the
analog (video)vcounterpart, it'will be possible for our two groups to respond
knowledgeably to inquirles.from the.user/planner members of the project about

optimum interpretation systems and information displays for the efficient
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utilization of ERTS type resource information.

4.3.1.3 Meadow Valley WOrkfng Circlei“Data Bank''. Coincident with our
Bardwaré'development for:the‘FRSL.Terminal/Display system, we have devoted
consnderable tlme to the task of |mplement|ng a ”data bank'' for use by other
:prOJect partncnpantsu The concept of a data bank as it relates to our
Laboratory needs reqU|res explanatlon First, we desrred to establlsh a file
of |nformatton about a test site of interest (|n thIS case, the Meadow Valley
region of the Feather R}ver Headwaters area was chosen as a suitable starting
place %of stody) that was_fair]y-refinod»as‘to spatial resolution. Con-
‘ sequently;vouitellarge amounts of data were to be stored and manipulated
within the data‘bank'syofem. We have.presently settled on a mapping and
display scale which accesses a‘point on the ground which is slightly less
- than ohe‘acre in'siéeL To date, this has not been an unreasonable scale with
which go work.

A éecond requirement for the data bank was that it be fairly unlimited
as to the type of in*ofmétion_which-it would be required to handle for
dispiay. The systom we have been working with enabies an essentially
unfimited amount of data to be entered as storage files using magnstic tapes.
Conceptually, each storage file represents a ''profile' which can be added
on at the end of the llst when it is found useful to include it in the total
oystem. Profiles can thus be added and/or purged dependlng on their use-
fulness in‘the display or'analysfs} Figure 4.9 depicts our data bank design,
with some of the profiles we presently have stored in it noted as examples of
fhe type of data of interest to tho resource manager. We expeot to have enough
oata stored in our data bank by late summer 1971 to submit it for investiga-
tion and criticism. Figures h.lo.and ﬂ.ll represent the results of combining

the total information retrieval capabilfty_of the system for displaying varisus
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DATA BANK ‘C'ONFIGU,RAT_IOI\/
g-'AcmAL -reeenm To BE coDEb'

2%FIL.£ *2
PROFILE # 4

anure 4,9, FRSL "data bank' conflguratuon Shown above, in a highly simpli-
fied schematic, is our conceptual approach to storing and retrieving informa-
tion about an area of interest. In this case, a portion of the NASA Bucks
Lake Forestry Test Site in Northern California is shown for illustrative
purposes. The data bank is a three dimensional array of data points with X

'-}and Y coordinates representing ground location points. The Z coordinate

consists of "profiles' of discrete types of information being stored for
subsequent retrieval. The types of information which currently reside in our
FRSL data bank are data about vegetatlon types, forest fire history, cutting
history, land-use activity, zoning classifications, geologic types, etc. ‘
The amount of profile information which can be stocked on the X and Y scales
is virtually unlimited; however, in terms of computer processing time for

_ data extraction, it behooves the user to maintain useful profiles, culling
out data which has become outdated or which might be better replaced by
alternative data. Access to the data bank is by reference to the particular
profile addresses. It is a fairly simple matter to extract information from
the data bank which has been compiled from several dlscrete profiles. This
is itlustrated in the following two figures.
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Figure 4.10. Example of data bank information retrieval. Shown above is a
computer printed display of one of the profiles resident within the FRSL
data bank. The map shows the various classifications of land use categories
employed by the U. S. Forest Service. Data were encoded from maps
originally obtained through their cooperation. Each cell (which is desig-
nated by a 3 x 5 symbol matrix with label code in its center) represents
slightly less than a one acre parcel of terrain.
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Figure 4.11. Example of combined profile information retrieval. The above map depicts a hypothetica] situation
described in the test iegend below to illustrate the possibilities for examining multiple profiies of data;

LEGEND

THE MEADOW VALLEY DEVELOPMENT COMPANY WISHES TO PURCHASE PRIVATE HOLDINGS AND CONSTRUCT
PART-TIME RESIDENCES IN THE MEADOW VALLEY AREA. A WELL-STOCKED FOREST, WHICH HAS NOT BEEN CUT
SINCE 1951, {S PREFERRED AS A SETTING, BUT A MOUNTAIN MEADOW IS ALSO ACCEPTABLE.

THOSE SITES WHICH MEET THESE REQUIREMENTS ARE DESIGNATED 'F' FOR FOREST SITES, AND 'M!
FOR MEADOW SITES.

1
i
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We are working on software routines which will enable interactive retrieval such as this exampie illustrates
directly through our FRSL Terminal/Display system.



kinds of information which might be‘desiréd for a hypothetical broblem. As
thgse exampies illuétrate, we are presently utilizing thg campus computer

center faéilities fqr_putput and aisﬁlay_pukposes. The intent is to modify
the routiﬁes fo be compatisle with the FRsL Tefmina]'System for ''in-house'

display.

“4.3.2 Work Currently in Progréss.‘ Between the time when this progress report

is submitted and cohpletion of the first year's annual report on 1 May 1971,
.6ur Unit will-(1) bring.the Terminal/Display system to a complete state of
readiness in order that all project participants can avail themselves of its
- total analytical capabilities, and (2) complete the design and specification
work for the closed circuit color digital display device. This device com-~
plements our existPhQ black-and-whi te display for the digitally recorded
information storage and retrieval system we have defined during our first
yeaf's effort. As our original proposal documentation indicates, the
completion of our Terminal/Display system rests on both color and black-and-
white display teéhniques. It”is well known from our own research efforts, as
well as those of the other remote sensing centers, that the ability to’
analyze multibandldata for interpretation of results (whether manually or
“aufomatically“) is‘greatly enhanced by the added dimension of color. Our
'prejiminary_examination of the technica] requirements to implement an inex-
pensive, c]osed,circqit'CRT for'color digitalbdisplay reveals we could have
. an operating device intérfaced fo our present Terminaf/Display system
within one month of.recéipt of the various.éomponents for the system.
Sqftware programming of additional routines to handle our analytical
objeétives will also be given considerable effort during these three months .
We expect to complete display routines which plot density frequencies as a

preprocessing to-multiband analysis. Most statistical routines which we

k-36



anticipate usiﬁgiaké;airéady on fileiat the‘compUter Ceﬁter fécility and
they'canAbe Ucalled” for use with-our digitized data through the remote
computer fermfﬁal 1ink. .Wffh respeCt to the use of the LARS routines for
pattern récdgnition, we planvto maké sévérél tests of them using data col-
leéted'byvthé Univer;ity~6f Michﬁgan C-47 aircraft multichannel scanner over
sur NASA Bucks Lake For¢stry test.§ite.i We will want to determine the increase
ih analysis timé'usihé thé fégter'CDC cdmpdter'equipment in conjunction with
our femdte.teEainéi tréngmissibn capaﬁilities. We will thenvspend some time
' iﬁ quiffing the rdutiheS'to-acceptvothér~digitally recorded remote sensing
data, separating the roufings;into th types: |

,(])i-those>thatbcan be run '"locally' at the FRSL using the process
contréller.and peripherals; and | |

(2) fhose that redqi?é_large cofé memory'énd high?speed data manipu-
iatibﬁ ﬁot availabie withiﬁ'bur ?RSL configﬁraticn“of hardwére components.
The high-speed transmission l?nk'Wfil be used to send and transmit inter-
mediate stages of the classification requiriﬁg oﬁerator inferaction.

We wfll do some work pn*digitized Vegetétion resources, attempting to
separate importaﬁt specfe§ and‘conditions;- Our'investfgations will include
.identifying'Cerfain routines'Which can be added to the LARSYSAA package of
routines.that will enable texture analysis to be made. In this regard, we
are working with ;taff mémberS'and_graduate students from the Electrical
Engineering/Computér SCiénce§ Departmént (Berkeley Campus) to try and define
promising textural énalysis techniques to complement manual photo-interpre-
_tation'méthdds. It will be imporfénf fo relatevwhatever findings are made
to ERTS-type data recording systems as well és SKYLAB satellite programs.
Low altitude interpretation systems ére fairly common but the problem of
idéntificatioh of ;lassification Becomes increasingly acute as the distance

between the target and sensor is increased. We anticipate that we will be

1
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,exchahging someiof these.data.with a few of the remote seﬁsing centers
hentioned previously Where'an intefést'fn "texture' analysis has been
'}ndicated.

Finally; wé will:continue.work on the data bank, expanding it in depth
- with additional profiles éf fnformation as they are defined by other members
of the Laboratory. Examples of output will be compiled for the annual |

report.

4.3.3 Future Proposed Research. Several areas are obvious for follow-on

setond year‘effort by our Unit in this integrated study of earth resources.
By order of importance, we feel the fo]lqwing items need attention for a smooth
conclusibn of-totaiipfoject effort in the succegsive‘fina] phase of research
.fd be perfofmed. |

A. | Oﬁr-Unit‘needs to complete tHe FRSL Tefminal/Displ;y system with
an ihterfacé of our préposed‘closed circuit CRT 'color digital display device.
Figuré 4.12 shows a schematic diagram of the proposed'addition; With the existing
éystem developmen£ which has already been éompleted, it is a fairly simple
task to design and‘inferfacé a digital‘colof diébfay system to the central
processing un{t we presenf]y have. So simplé is it, in fact, that we conser-
vatively estimate that our‘desfgn can be operétional within one month of receipt
- of tHe haEdWare components required‘to.implement-its’éonstructidn and testing.
"This is of importancevbecaﬁse we Qould be able fo commence our second year's
effort with a complete data haﬁdling and disp]ay'system, taking advantage of
almost the full term fo} activfties described below.

B. We feel thatAthé success we have had to date with our data bank éon-.
Ceét warrants two major extensions: First, to increase its dimensionality to data

adjacent to the Meadow Valley region to determine scale limitations; and,

second, to test the concept using an area quite different from our Forestry
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EXISTING PERIPHERAL MEMORY TUBE
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Figure 4.12. Schematic of,pfoposed'djgital color display unit. The above
Schematic shows the additional components required to complete our FRSL
Terminal/Display System as originally proposed. The heart of this sub-
system is the memory tube which permits write and read capability.
three tubes are properly synchronized and programmed to control each of

the CRT color ''guns'', multi-colored displays are feasible to improve

classification displays. Over 200 color values are available as a func-

tion of color mixing possibilities.
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Test Site té defermine what restrictions, if any, might occur in a different
Zenvironmental situatioh. _Thefe are, within the total project a numbef of
possible areas for testing purpbses. We are working closely with Dr. Estes
at the Santa Barbara campus for his ideas and sqggestions as to the usefulness
of such an information system orfented around his own-actévities and interests
in‘inlénd valley gepgfaphfcal analysis a§ Weil as coaétal environmental
problems. |

C. - We witl wént to organize and conduct a wjde number of experiments
designed to compare the relativé merits of manual photo-interpretation versus
automatic classificatioﬁ techniques. Very fudimentary tests have revealed
.that the inconsistent natdre‘of human activity with respect to image analysis
will require the definition of certain tasks which are best performed by
automatic techniques, releasing the manual interpretation tasks to those that
are best performed by human endeavor. The experiments will seek to determine
the dptimum mix of'man/méchine:rélationships for the assessment of various
resource types and conditions using state of the art remote sensing systems
data for interpretation. Emphasis will be placed upon the use of high-altitude
and satellite imagery. Maximum effort will be spent to develop experiments
which are of significance to investigators at the other campuses, in addition
to our interests here at the FRSL.

D. An additional area of activity which we will want to cbmmence is
the study of model building and simulation techniques in cooperation with

Dr. Churchmaﬁ's staff.

L. 4. REPORT OF THE SPECTRAL CHARACTERISTICS UNIT

L. 4.1 Work Performed During the Period Covered by This Report

In order to maximize the effectiveness of multispectral aerial photography,

the reflectance characteristics for features of interest and their background

4-40



should Bé known. With'tﬁis'fnfqrmation in haﬁdfohe can make more effective
.interpretation<ofImultispectral imagery. In:addition, if this information is
known at.the time when missions to acquire éuch imagery are being planned,it
can be used to help determfne'the spectral_béﬁdpassés which should provide the
greatest'lfkelihood of diﬁcrimination amqng features of interest.
| Séveral approaches to gathering data on spectral reflection have been
used. The most common involve the use of some type of laboratory spectrdpho-
tometef to obtain measureménts from prepared samples. However, laboratory
measurements have méjor limitations whenh used to estimate the spectral charac-
teristics of natural surfaces. For example, two major objections frequently
are raised with respect to the téking of laboratory measurements of severed
leaves mounted as flat samples:

(1) The_speq;rai‘reflectancé from a canopy of foliage may not be the
same as the reflectance from individual leaf samples. Plant reflectance is
a composite of the reflectances{from variously oriented and variously illumi-
nated IeaQes, stems and underlying soil and litter. The density of a plant's
foliage and the orientation of fts leaves with respect to both the sun and
the sensor may great]y influence the spectral reflectance of the plant as
recorded by the sensor. Furthermore, on small scale aerial photography the
smallest resolvable detail consists of an aggregation of plants, rather than
ihe individual plants, themselves. This fact makes it even more difficd]t to
~infer the multispectral photogfapﬁic tone sigﬁature of vegetation merely
from spectral reflectance measurements of foliage samples made in the
']éboratoryg (2) Laboratory measurements are,obfained with,arfificial illumi-
nation. The resulting data are plotted for a constant spectral intensity
source,_whereas in a natural scene as recorded by an airborne sensor the
intensity of the illuminant, (consisting of direct sunlight, diffuse sky-

light and reflectances from nearby objects) varies greatly as a function
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of wavelength. 5Becau5eiof fhgéefand other limitations of laboratory
measurements, the.ForéStry Remote Sebsiﬁg Laboratory has ﬁndertaken to study
the spectral charactgristics of.featufes by making measurements in situ.
Field meéSﬁrements'of spectral reflectance overcome many of the limi-
tations inherent in the laboratory. Measurements are made with the feature
illuminatéd_by sunlight,.skylightland light reflected from nearby objects,
aé‘it:is when recorded by a.remote Sensing.device. In addition, it usually
_ié possible for the field_of vigw of the instrument to encompass an area
~large enough to'infegrate the refléctance from heterogeneous surfaces as

occurs on aerial photographs.

Fabrication of Instruments and'Develqpment of Software

) The major éffort‘of the:Spectfal Cﬁafacteristics Unit during this
,vreﬁbrtfng‘peridd.has‘béén'direéted’tOWQrd déVelopment of é dafa acquisition
and data handifhg system.for spect(al-signatu?e meaSprement. The system
utiliZes our exisfing spectréradioﬁgter equipmenf and-includes modifica-
fions'té this equipment énd the'additfon of dthér déta'st§rage and transfer
equipment. The entire system fs“designéd to be cdmblete]y fiéld portable
and can be qperated ffdm é battery power subpjy. The systeh can be used
in‘its entirety, yet ret;ins the flexibility to'be.used as individual units
to perform other laboratpry’or.fiéld functfons if necessary l/.

The system is shown as a func&idnal block diag;am in Figure 4.13. One
of its components consists ofﬁa spéctroradiometer‘which measures irradiance
at a cosine corrected diffuéer plate i 11uminated by incident sunlight and sky-

light. The instrument measures over the range 380 nm - 1350 nm and can be

autométically scanned through this range by a drive motor. The analog voltage

1/ Matching funds to assist in the development of this system have been pro-
vided by NASA Contract No. R-09-038-002.
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Functional block d|agram'of the FRSL computer compatible, field
portable system for acquiring and recording incident and reflected spectral




: frém‘fhis spectroradiometer is passed through an FM adapter which converts the
voltage inpuf to a frequéncy output. The frequency output is recorded by an
audio tape recorder. The stored data are played back through a frequency
discriminator which converts frequency to voltage. The Vo]tage outpﬁt is
entéred into a compﬁter through aﬁ aﬁalog to digital converter.

A second set of spe;troradiometers operating over the range 350 nm -
1200 nm is used to measure the spectral reflectance of surfaces. The analog
voltage from the spectroradiometers is passed through a digital voltmeter with
bbinary coded digital output, thence info an incremental digital tape recorder.
The recorded data can be input directly into a computer for processing and out-
put in tabular or graphical form. It should be emphasized that reliability
is not sacrificed. In the event of failure of any of the components, other
than the basip radiometer systems, the analog data are still available for
hand recording from meter display as was the case originally.

Hardware fabrication for the spectroradfometer system is ninety-five
| percent complete. Preliminary software'ﬁas been developed to the point that
some calibration and debugging of the system is beginning and simple listings
of computer output from the radiometer are possuble |

The spectroradiometer system for measuring reflected radiation has about
seventy percent of the hardware fabrication completed. Software for this
-system will be more easily developed than for the incident radiation system;

its first iteration will be ready for testing in February.

Standardization of Spectral Data

.Preliminary testing of a method to standardize spectral data has yielded
_gpod results. The method is being developed for the standardization of
measurements of spectral irradiance reflected from ground features, éuch that

measurements taken at various times and places and under various illumination
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conditions can be directly comparea.. Incident spectral radiation is measured
at the same time as refléctedispectra] radiation. At each wavelength for

which data are obtéined,'thé actual measured incident radiation is compared
with a '"'standard incident radiation''. The standard, althoﬁgh arbitrary, is
representative of midday incident radfation in the area of study. For that
wavelength, a ratio of standard radiation versus measured radiation is
established. The measured reflected.radiation at'eaﬁh wavelength is multiplied
by the appropriate ratio to arrive af a standardized'value. By standardizing
in this manner one can present all the specfral signatures acquired by the
system as if illuminated by ''standard incident }adiation“;

In addition, standardizing in this way,.rather than as reflectance (which
is a ratio of incoming fo reflected radiation),'has the advantage of eliminating
the need for a ratio between measurements made by different types of radio-
meters. For remote sensing studies, the data are in terms of the radiation
actually reflected toward anvairborne sensor under normal conditions of natural

illumination.

L4.4.2 Work Currently in Progress

By the énd of the first year of the project, all the hardware fabrication
for the radiometer systems will be complete. Software for handling the
reéorded data will also be developed. Development of data reduction and
analysis procedures will be an ongoing task. Local field testing and calibra-
tion of the operational system will bé possible by early in the spring.
Gathering of spectral data within the test area on a regular basis and the
choice of targets for repétitive measurement as described in the next section

may be possible during the month of May.
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L, 4 3 Future Proposed Research

Durlng the spring and summer of 1971 ‘repetitiye measurements of
reflected spectral radnatlon in the wavelengthvrange>of 400-1200 nm will be
made of specific vegetatlon types. These meashrementsvwill.enab]e us to
characterise the spectral propertles as they change with the phenological
:development of the vegetatlon ‘The data derlved-from analysis of these
measurements will ald in determining the optimum tlme of year (state of
deVelopment) and spectral bandshwhere the greatest differences can be
expected to occur in the reflected radlatlon from features of |nterest In
addition to studles of vegetatlon the spectra] characterustlcs of soils will
be studied in the test area.

With the development ef.the previously,described spectroradiometer and
data handllng system it will be. p055|ble to acqulre and analyze sufficient
 data to begin work on separatlng the effects of changes in the reflectance
characteristics of features themselves from the effects of changes in
external parameters such as look angle and illumination angle.

In colleboration with the Image Interbretation and Enhancement Unit
out Unit will compile a 1istvof,important features which are difficult to
distingdish on multiband imagery.' From the data on characteristics of
spectral reflection trom'these features, a recommended spectral bandpass and
time of year will be specified for obtaining maximum discrimination hetween
the features. Film-filtet combinations which have maximum sensitivities in .
the recommended.bandpesses will then be eomnuted. Small test areas will be
‘_flown and photographed wfth these film-filter combinations. The resulting
vphotpgraphs will be interpreted by the Image Interpretation and Enhancement

Unit and compared with photography obtained from previous NASA overflights.
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Chapter 5

RIVER MEANDER STUDIES

Co-investigator: Gerald Schubert
' ‘Contributor: Richard Lingenfelter o
Institute of Geophysics and Planetary Physics, Los Angeles Campus

We are undertaking a‘basic study of river meander patterhs, the results
of which, we believe, would be of benefit to hydrologic de?elopment in two
ﬁSpeeific areas. First; the s;udy which we have outlined should re;ult in new

criteria by which the stability of a meander pattern at arbitrary discharge

. may.be examined. Suchban examination would then be used as part of the evidence
- in the decision as.fo‘whether existing river control systems--levees, check
dams, and.divefsfon areas--are adéquate af some assumed flood stage, or whether
additfonal control facilities‘must be built. It is already clear that at some
flood stage, rivers prbducé rapid, often disastrous, alterations in theif
meander patterns, and it is an objective of our study to see if such alterations
can be anti¢cipated. The Feather and Colorado Rivers are appropriate for
attembted applicatioﬁ.bf this'technique, although the initial basic study which
we arebundertaking may requ}ré data from an undeveloped river to avoid the
additionalvcomplication which river development will add to the probliem. A
second”anticipated benefit of our study will be in the area of preliminary
regional plénning. |

| One of the now appérent shortcomings of many previous devélopment pro-

grams is the limited regional scale to.which the preliminary studies have
been applied. The trend in recent years has been toward more extensive altera-

tions in natural river flow patterns over large areas, which may involve more



than one important drainage basin. As important-énd expensive as the Feather
River Water Project in California has become, it is dwarfed by proposals already
being advanced to divert large volumes of water from the Columbia River basin
to the Southwest.

It is the_intent of our research to develop a refatively simple and
_ inexpensive technique to assess the_water resources of large, relatively un-
developed geographical areas in order that comprehensive water development
plans may be prepared with leés expendi ture 6f money and time for.the collec-
tion of data on the earth surfaCe.b We are seekihg4to determine whether it will be
possible to extract data on the total discharge of a rivef, both past and present,
from satellite television photography of river meander patterns. We expect
" also that this technique will yield indirect information on the average rain-
‘fall over large drainage basfns, calculated by relating the flow measurements
to the geographical areas involved.

Since most river drainage basins in the U.S. have already undergone
substantial development, and since river discharge and rainfall data are
reasonably reliable in this region, we expect the proposed technique to be of
value largely in underdeveloped and poorly surveyed areas of the world. Data
available in such areas as the United States will serve for the validation of
the technique, which is our principal research task.

I1f the technique can be.validated by our research, hydrologic data can
_ be écquired for largé'regions at low cost, and a data base established to support

a Water management program for large, presently underdeveloped geographical areas.

5.1. SCIENTIFIC BACKGROUND

The Qeomorphological investigation of a possible correlation between the
stream meander power spectrum and the stream discharge frequency distribution

requires the accomplishment of the following tasks:
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e
(2)
(3)
(%)
(5)

(8)

(7).

(8)

(9)

Selection.df abpfopf}ﬁpe*erérs;

Col}ection_of suifable photqgréphic_coVerage,. ‘7

Collection of histofica]istfeamflow data. o

Digitiéétion of streamfié@ﬂdata.

Digitization of stream meander patterns.

Matching of iﬁdiv?dualiy digitized pbrtioﬁs of méander patterns
to obtain a continuous record.

Construction of stream discharge frequency distribution from

discharge data.

Construction of power spectra of local river meander directions
and radii of curvature.
Determination of relationship of meander power spectra to dis-

charge frequency distribution.

~To date we have completed the first five of these items. The rivers

were selected according to several criteria:

(1)
(2)

(3)

(B)

(5)

Uniformity of geology.
Length of reach with minimum spat?al variation in discharge along
the course.

Length of reach with minimum seasonal variation in discharge.
Availability of histofical photographic coverage.

Availability of continuous historical hydrologic data.

The statistical reliability of any correlation between the meander

spectrum and the discharge frequency distribution depends upon the study of a

large number of rivers whose discharges cover as great a range as possible.

On the basis of the above criteria we have selected for study a number of

rivers both inside and outside the state of California.

of this study we are considering two rivers: a 25-mile reach of the Feather
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.Rfvef“bé1oQ the a;edgéifailfngﬁ‘éta6r§;ilievt§ thefjuhctfoh of the Yuba River
and éllbvﬁjle"reaéﬁ‘of the'Chippew;xRiQer‘béibw Brﬁce. The diséharge data
férvfhe Featﬁer;Rfvér hear'Oroville covers the period from 1901 to the present,
showing é.mean.annual1discharge of_ébout 6,000 cubic feet/sécond with flood

"~ peaks aé‘ﬁfgh as_20§;§00'cuﬁic‘feet/;eéond. The data for the Chippewa River
‘at Bruce.coversrthe period'from 1913 ;o the present, showing a mean annual
djscharge»pf aBout 1000 Qubic feet/second with minima as low as 150 cubic

. feet/$ecoﬁd;'uTHese“fwolrfyerSISpan the ranée of pertinent discharges.

’ We:haQe oBtafned?aéfiél photdgraphs-(bOth infrared and panchromatic) of
thése.and ofher riVer$ from the’Agricultﬁral Stabilization and Conservation
.seryice of ihe‘u;s;:Départménf of Agricu)ture, and Department of Water Re-
~ sources of £hé.Cal}fanja Sfafe ReéoufceS‘Agency, the Toﬁographical Division
éf_thevU;Sf Geb]bgicaT,SurVey,-and the Cartographic and Audiovisual Records
'nyidion of.the.Natibﬁal;Arﬁhivés'ah& Records Service. Historical streamfliow
 'da£a jn:machfne.readablé formaf>haye been obtained from the Water Resources
bivfsioﬁ.of'the u.s. DeparfmentAof‘fhe'Intérfdrl

.Variou;'digitfzafionvteChniques for photographic data reduction have
' beenfiﬁveStigated;. Wéfhayé concludéd that the most accurage and economical
teéhnfque is photoe]ectric-optiqal Séénning. The Progrémﬁable_Film Reader/
Recorder (PFR—B) devé]oped.byilnformation International Inc., Los Angeles, em-
- ployes this tecﬁniqﬁe and Qe have-constructed a program for digitizing river
meanders on this maéﬁine. An‘imbortant condition on the digitization procedure
is that we locate‘poihts at eqUél increments of distance alongAthe meander
curve. This condition follows from the fact that local meander direction and
radius of curvature are functions 6f distance along the meander and the algo-
rithms used for constructing their power spectra require that we know these
quantities at equal increments of distance.

- The essence -of the digitization procedure is as follows(it will be help ful
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fo-refer;tdfthe;§kétchibeldwqufjanthis discussion):

Nt

The’iﬁftia];point on the meander pattern is found by scanning along a
horizontal or:veftical liné}and measuring fhe'density profile along the scan
(Iine AB in the skétch).;'Thé river bank, i.e. the point digitized, is defined
. as the location of the point of maximum'gradientvin the’dénsity provile (point
“1).f Thé second point‘is.défermihed by an itérative process starting with a
| sCaﬁ (Iine CD) baralTel fo fhe fnitié] scan'but.disélaced‘by a distance, s,

from point 1. The TirstveSfimate of this point (2') is determined in the same
'.manner as ‘above. The.d}sfancé between points I‘andv2' is then calculated and
if it_is not'equal to the required spacing, s, plus or minus some small &,
another scan (Iine EF) is méde.along a Iine‘perpendicular to that line con-

necting points 1 and 2' at a distance s from point 1. Point 2'" is then de-

termined along this scan. If the distance between it and point 1 is still not
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:within.s_f[l;»fhé-iterafive'proéess'}sfrepeated‘until converéence is obtained.
~ Once point 2 is.iocatgd,:thg sééréh fdr,point 3 beginé along scan line (GH)
'perpehdicular to ﬁﬁeiline coﬁnéctfﬁé poiﬁfs 1 and 2 at a distance s from point
2. |
In this ménngr‘fhé maéhine ﬁféceeds'along the meander curve digitizing

aboinfs atiequéf disfance ihcreménts albng'the_curve. The-whole process is then
'repeated for ﬁhe otth béhk'of theiriver.

|  Wé have prépaféd a shoft film which illustrates the digitization of an
4'acfua1‘riyéf.méaﬁder.':We:propoée'té céhfinue our river meander study by pro-

‘ceeding with itehs‘(6)'-”(9)-as given earlier in our progress report.



)U73 - 9/39/3

Chapter 6

ASSESSMENT OF THE IMPACT OF THE CALIFORNIA WATER PROJECT
IN THE WEST SIDE OF THE SAN JOAQUIN VALLEY

Co-Investigators: John E. Estes
Michael Kuhn

Berl Golomb a1
Contributors: Lesli:rw. ge(r)xger BHIG!NAI. GOHTAINS
Lyndon Wester GOLOR ILLUSTRATIONS

Patrick Fortune
James Viellenave
Department of Geography, Santa Barbara Campus

A primary objective of the Santa Barbafa portion of the project is to
assess the ability of remote sensing techniques to effectively monitor, on a
continuing basis, the impact of a change iﬁ the water supply of an arid areé.
Research of this nature invo]ves.the collection of a substantial body of'in—
formation relative to both physical and biological phenomena or systems oper-

ative within the study area (see Figure 6.1). This information must be organ-

-
-

ized and correlated with remote sensing imagery so that an evaluation can be
made of the‘capability of remote sensing systems and techniques to provide
- useful data.

To date, no current imagery has been received for this projecf and the
investigators have concentrated on the accumulation of library materials,
field data, and on making contacts with individuals within the study area, The
work to date has generated an excellent data base and an area familiarity whicﬁ
will prove extremely useful in the interpretation of the remote sensing data.

As imagery becomes available, for thé first annual report and in the
coming year's study, we hope to extrapolate from field data to the entire study -
area and begin to assess the potential of the remote sensing dafa for general land-

use mapping, as well as for special studies (e.g., the ability to detect the ef-
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Figure 6.1. Map depicting the areal extent of the ''westside' of the San
Joaquin Valley.




fects of exﬁessive boron and/or other salt conéeﬁtrations on varfous crops).

We will also conduct an agricultural inventory of the area and hope to begin to

put our land—use data into a computer format with the assistance of personnel

at the Forestry Remote Sensing Laboratory and at the University of Caiifornia at
Riverside. An asseSSment.is also being made of the effects of new water on land
tenure and urbanization and the services which the cities provide'to the area.

We will also continue to interface with personnel studying socio-econbmic
modeling from the University of California campuses at Berkeley, Los Angeles
and Irvine in an aftempt to determine the potential utility of remote sensing
data as an input to decision-making structures. Personnel from the Santa Barbara
campus will also aid and complement personnel from the University of California
at Davis in their studies concerning hydrologic phenomena and image enhancement
techniques and methodologies.

The follpwing material presents the status of our.investigations to date
in terms of the inventory and assessment of printed materials and infdrmation
gleaned as a result.of field contacts and mapping. Topics‘which afe discussed
include regional transformation, agricultural practices, studieslof natural
vegetations, and the results of some of our field contacts. Further research
in these and other éreas will be discussed further in our annual progress

report.

6.1. THE TEST SITE

The physical environment has historically played an influential role in
the land-use development of the West Side. This section of the report includes
a:brief review of some of the important physical-environmental parameters in
the area and temporal ]and—ﬁse patterns up to the time of the California
Aqueduct.

Probably the single most important environmental factor influencing
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the dévelopmeﬁt‘of the West Side is climate. The eastern:- boundary of the

area lies.approximaéely élong the 300-foot contour line; the western boundary

is the southern extension of the Diablo Coast Range and the eastern slopes of
the Témblor Range; the southern bpundary is demarcated by the northern s lopes

of the Tehachapi Range; the norfhern boundary is the approximate northwest-
southeast bisector of the San Joaquin Valley. The area is dominafed by air
masses ofloceanic origin. These air masses are modifiéd, losing most of their )
‘maritime characteristics, by the physiogfaphy of the land extending 60-80 miles
.between the area and the Pacific Oceaﬁ. The West Side is on the leeward side |
of the California (oast Ranges and in their rain shadow. Becaﬁse of this rain
sﬁadow location the area receives little of the summer rain that fa!lé over the
more eastern éreas of the San Joaquin Valley in the form éf occasional thunder
showers, ‘During the wfnter, the entire land mass. receives frontal type rainfall.
The annual rainfall within our West Side study area generally.averages between

3 and 6 inches,

Topography of the West Side'can generally be characterized as consisting -
of dissected uplands and low plains. The dissected uplands tend to be hilly
with anticlinal ridges that are important sources of petroleum. The low plains
are the result of coalescing a]luvial fans and essentially form a piedmont al-_
luvial plain which exhibits relatively gentle slopes. The majority of the area
might be described as gently to moderately slopiﬁg (maximum of 20% gradient).
The streams that cross the area are intermittent and only occagiona}ly carry a l
substantial flow to the basins of interior drainage Buena Vista, fu]are, and
Kern Lakes. Water tables have been consistently lowered since settlement of
the area through use and the lack of an adequate natural capabilitf to recharge
them. The alluvial soils in the'arEa are deep and apparently feftile, with som;
- _problems arising in specific areas due to salinity and concentrations of boron.

'""Natural'' vegetation associations, consisting of various combinations of grasses,



‘xerophytié shrubs, and perennials, are found in conjunction with this particularv
environmental complex.

This area is fairly typical of arid environments where the lack of
water has‘placed severe constraints on human occupance patterns. The earliest
known inhabitants of the West Side were Indians with a relatively low level
_6f technology. They were able to exploit the area's environmental potential
in a limited fashion thrdugh hdnting and gathering activities. Population
densitfes were low and stress on the environment was probably minimal. The
Spénish arrived in the late 1700's. Despite their limited technological capa-
cities, they turned the area into an extensive rangeland and, as is done today,
" grazed sheep and cattle (seé Figures 6.2 and 6.3). A limited amount of irri-
gation agriculturé was practiced,lbut primarily fér.subsistence purposes.
.Population densities, although still low, increased with greater stress placed
{ on limited environmental resources.

The changeover to American dominance-of the West Side, after California
became a state, led to further intensification of land-uses. Grazing continued
to be the principal land-use, but more acreage was put into crops (particular-
ly wheat). The wheat was used for cattle feed and food production., Pump
water irrigation systems were employed to provide water for the wheat crop.

By i900, oil acquired value in a changing technological climate. The
mineral had been known to exist in the area, but there had been no use for it
fn_qdantity. Now the picture changed, and the anticlinal hflls of the West

1Side were drilled for their valuable product. 0il wells dotted the landscape
(see Figures 6.4 and 6.5) and became the dominant economic land-use. Grgzing
continued as an important extensive land-use, while crop acreages stabilized
ér declined owing to ]owerfng water tables and increased costs of pumping for
irrigation..

This was essentially the situation up to the 1960's. The pattern of
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Figure 6.2. Sheep grazing on melon
stubble west of Mendota, California,
September, 1970.

Figure 6.4. Wooden oil derricks (ca.

1920), presently unused, near McKittrick,

California, taken October, 1970.
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Figure 6.3. Cattle grazing on wheat
stubble west of Mendota, California,
September, 1970.

Figure 6.5. Contemporary oil mining
operation south of Bakersfield. Note
the California Water Project pipelines
from the Tehachapi Pumping station.
Taken October, 1970.



land-use continued to intensify, while population densities increased at a
slower rate. Pressure on limited environmental resources increased with con-
current changes in the composition of natural vegetation associations and marked
lowering of water tables. Conditions had reached the stage where further growth
of the area was inhibited by the lack of a sufficient water resource.

In 1960, the California State Water Project was financially authorized
to directvexcess waters from the northern third of the state to southern por-
;ions. This introduced a new factor into West Side development, a substantial,
although limited, new source of water supplies. An additional factor which
could enhance expansion was provided by the proposed, and now actual, con-
.struction of a segment of Interstate Highway 5, connecting San Francisco and
Los Angeles. The new freeway passes along the eastern portion of the West
Side, providing access for the area to major urban centers on a séale never
‘ before seen there.

By 1968, water was being delivered in limitéd quantities to the area
and considerable sections of Interstate 5 were in the process of being con-
structed. New lands were being brought under cultivation and formerly abandoned
écreage was once more being crobped. At present an intensification of land-use,
related to the new input of water from the California Aqueduct, is transforming
the West Side into an irrigated agriculture landscape with far-reaching con-
sequences affecting the lifestyle withiﬁ the area. Various local and supra-
local agencies, such as the West Side Coordinating Council, are attempting to
supervise this new growth so that the changes will make a positive contribution
to the continued development of the West Side. One of thé major objectives of
our .efforts and those of the Berkeley Social Sciences group is to interface
with fhese agencies, determine their information requirements, and assess the
ability of remote sensing imagery to provide these data. These investigations

are being conducted and will be reported on more fully in the final report and
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as imagery becomes available.

6.2. NATURAL VEGETATION

Baged on our background research we have found that few botanical stud-
ies pertaining to natural vegetation have been made in the San Joaquin Valley.
A long history of human disturbance has strongly modified natural vegetation.
Two vegetation maps have been published which cover this area, the first by
Piemeisel and Lawson] in 1937 and another by Jensen2 in 1947, Both maps hy-

- pothesize communities as they existed before European contact. Other research-
ers who have used Jensen's map have shown the extent of changes owing to ex-
pansfon of agricultural land-use in recent years.

In.thg section of the San Joaquin Valley presently under consideration,
Jensen delineated only three units. The "marsh grass'' form corresponds rough-
ly to the ""lowland types'' mapped by Piemeisel and Lawson. Other than this the
two maps show little relation. The earlier work was constructed in more detail
but any one or a combination of the categories do not corresbond to the broad
areas used by Jensen. Neither study has provided much detail on the plant spec-
jes present in their respe#tive groupings, defined either by structural types
or by a single dominant species.

A reconnaissance survey of our study area was conducted in early Septem-
ber, 1970. Land-use transects along major. roads were made in order to obtain
.some concept of the extent df'agricultural land~use, and of the various more

natural communities. The quadrat method was used to sample those 'natural”

1. Piemeisel, R.L. and F. R. Lawson (1937), "Types of Vegetation in the San
Joaquin Valley of California and Their Relation to the Beet Leafhopper,' U,S.
Dept. of Agric., Tech. Bull., No. 557, Washington, D.C.

2. Jensen, H.A. (1947), ''A System of Classifying Vegetation in California,"
Calif. Fish and Game, 33:199-266.

6-8



communities which did not show signs of having been disfurbed by ploughing in
“the last few years. It was clear that no land had escaped human modification
either by grazing of domestic animals, clearing for agricultural crops or the
more complex disturbance caused by oil extraction. Subsequent detailed studies
éf the ''natural'’ vegetation associations of the study area will attempt to es-
‘tablish a classification for the nature and degree of disturbance of the plant
~communities. It might be necessary to distinguish between the fallow state of
commercially cropped land, areas once cleared but which have had some time to
become reestablished, and plant communities which have been only subjected to
light graiing and are approaching natural conditions,

It was found that summer was a poor time to attempt vegetation analysis.
Few species were in flower or ffuit, most annuals were dead so as to defy identi-
fication and no doubt some of the more fragileﬂforms had been destroyed alto-
gether. More specifically, the seQeral species of Atriplex which form the
dominant shrub over much of the area were'eSpeEially difficult to identify under
these conditions.

In our quadrat mapping at each sample area, all species within the
quédrat were noted, the percenfage cover estimated, and general observations made
about the structure of the vegetation and the characteristics of the soil (see

Table 6.1).

Plant Communities

From the matrix indicating species found in each quadrat, it is clear

that three introduced species are almost ubiquitous--two grasses, both belonging

to the genus Bromus, and a weed common in disturbed places, Eremocarpus seli-

gerus. It was observed that these species dominated the ground layer. A per-

ennial shrub, Atriplex polycarpa, was common and frequently the only plant

growing more than a few inches above the ground. A considerable number of
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Atriplex 2 Xt X
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Euphorbia -
Boraginaceae 1 X :
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" Note: Numerals after genus names indicate number of different species observed
_ in the field. ‘

Table 6.1. Matrix of quadrats sampled, indicating. vegetation present, percent
ground cover and percent dead plants. o
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species encountered were only found once or twice, due in part to the small
number of quadrats taken. These species could not be used to correlate Qith
‘Aénvironmental parameters but may be shown to be useful indicators if a larger
" number of sambles can be taken. This reconnaissance was able to suggest that
certain plant associations are restricted to definable environments.

(1) Communities of Rolling Well Drained Sites

Atriplex polycarpa is the dominant shrub and often the only per-
ennial species. élants may range from only a few inches high, in areas which
have presumably been cleared and regeneration limited by grazing animals (see
Figure 6.6), to situations where the shrubs reach waist height and cover a
large percentége of the ground area (see Figure 6.7). There is clearly,greét
wvariety in the structure of this community which will most likely appear very
different on aerial photographs. The ground cover for the community is high,
generally greater than 80%, a fact which may aid its identificafion on imagery.
The annual plants in this association include the 5pe;ies of Bromus which are

common everywhere and Eremocarpus seligerus which is restricted to this com-

munity. Salsola kali and Astragalus sp. are commonly found in this community

and not elsewhere. These species are typically'plants of disturbed hébitats

~ suggesting perhaps the degree of human interference is greater here than in
other associations. A Brassica sp. and an annual Composite (Compositae 1.) were
‘restricted to this region and may prove useful indicators if they can be collec-
‘ted at a more suitable time and propertly identified.

(2) Communities of Low Lying, Saline Sites -

These areas may be defined by the presence of high salinity. This
" may bé in the form of an actual salt crust, or by the presence of large areas
of bareAsoil which éppear to be the result of salt burn. These communities
have lower ground cover, often less than 60%, a fact which may be uéeful in

defining their limits, from aerial photographs. The same Atriplex polycarpa
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Figure 6.6. Low Atriplex polycarpa and
introduced grasses on well drained soils
in an area which has most likely been
cleared in the past. Ground cover is
almost 100%.

.j;'

e (M

Figure 6.7. Tall Atriplex polycarpa in
the Elk Hills oil reserve, where the
natural vegetation has been largely
protected from human distrubance. Here
a considerable number of dead plants may
be seen and the community does not
appear to have been heavily grazed.




(see Figure 6.8) may be found in this association also but Salicornia subterminalis

and.other species (see Figure 6.9) give the community a distinctive aspect.
Althodgh structurally similar the brighter green of Salicornia is easily dis-
. tinguished from the grey-white of Atriplex. It is likely that the areas of in-
ternal drainage may be distinct on air photographs if they are taken as the
soil of better drained regions begfns to dry out.

Although there appears to be no distinctive annual species rest}icted
to this association, the number of samples is too low to draw any definitive

conclusions. It is, however, interesting to note the absence of Salsola kali,

_Eremocakpus seligerus and the Astragalus sp., which are often indicators of

disturbance. It may be that these saline areas (because of their unsuitable

soil) have suffergd less human disturbance and conditions more closely approximate
the‘natural state in this community.f Quadrat 2 may.be‘an exception to this.
>Located in the bediof Tulare Lake, water was clearly more avaitable here than
elsewhere. Here there was evidence of recent disturbance related to channel and
embankment consfruction. This may'account for the large proportion of species

not found in other areas. The small number of samples taken in this community
prévents any conclusions being made concerning the diversity. Transects from
Well-drained areas running towards the center of the region of internal drain-

age may weil reveal species associated with various salt concentrations in the

soil.

Soil

| Only the most preiiminary observations were made concerning the charac-
‘teristics of the soil. The texture of the A horizon varied from gravel and
coarse'sand to fine clays and was characteristically grey in color. Varia-
tions did not seem to have much effect on the vegetation association. Salt

was occasionally evident but clearly some more precise method is'necessary to
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‘Figure 6.8. Medium height Atriplex poly-
carpa on well drained soils.

"Figure 6.9. Atriplex polycarpa, Salicornia
subterminalis and Suaeda sp. growing in an
area of internal drainage. Plants are
growing on higher areas raised above the
bare salt-burned patches.

"Figure 6.10. Atriplex polycarpa and
Salicornia subterminalis community of low
lying areas where soil has soft, spongy
mounds bare of plants.
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determine the nature and concentration of soluble salts. Low-lying regions
were occasionally observed to have areas of fine spondey sections raised above

the general level of the ground (see.Figure 6.10). This unusual‘phenomenon

merits further investigation.

"~ Health and Regeneration of Perennial Species

In certain sites it was found that a large percentage of the perennial
species were dead. These‘dried WOody branches were preéumably the same species
of Atriplex and were scattered through the community and not concentrated in
patches. The matrix shows that not all sample areas contained dead plants and
the proportion of dead to live plants was variable. Seedlings were found fn
areas recently disturbed so the species seems to be capable df regene;ation
‘after the land has been cleared. Grazing pressure from cattle méy keep the
shrubs low, as in Figure 6.10, but they alone are not responsible for the dying
_plants, as the condition was found where catt]e were not grazed and where there
"was no gign of animal browsing on healthy plants.-

fhe dead plants may bé the result of severe drought in the past and in
these dry conditions it takes a long time for plaﬁt material to decay. Fur-
ther investigation will be conducted té determine whether tHe dead shrubs are
the result of forces no longer acting or whether the process is continuing and
gvén threatening the perennial vegetation. Once imagery of the area has been
“obtained, a selective vegetation map will be prepared and attempts made to cor-

relate specialized vegetative communities with particular soil conditions.

6.3. REGIONAL TRANSFORMATION

From our investigations to date it is evident that the transporfétion of
large quantities of good quality water to the arid West Side is resulting in a

significant transformation of the region. The detection and identification of

6-15 CZ’



such'changes:may be éccbmplished byxthé compilation of sequential fand-use

- maps. The pattern of land-use of a region tells a great deal about the char-
acternstlcs of ‘the area. The potentials of remote sensing data, specifically
ﬁimulated space photography, for detecting land-use patterns on the West Side
.arevbefng investiQated, At present, since no imagery has been received, maps
aepfcting.past lana-use pattern§ are being compiled using United States Geo-
logical Survey photo indices for 1957 and 1967. In addition- we are developing
a current reconnaissance Iand-use map from transect observations. In-time as
",|magery is rece:ved ‘this. map of a portlon of the study area will play an im-
pbrtant'fole in fhe overall mapping of the West Side. Comparison will also be
 made'of fhe methods qf constructing land-use maps from imagery alone, from

s field §bserQatiQn:alone, and from a combination of field and image interpreta-
tion.’

The most:apﬁarehf of the recentbchanées which have occurred in the study
"érea relate to agricultural land-use. Thérefore, our land-use studies have
 mafn1y been oriented toward the variations and changes in agricultural producQV
tion’within the s tudy area. Forthcoming remote sensing imagery, as well as
data éo]lected on the ground duringvfie]d investigations will be used to assess
our capability to detect and quantify changes in agricultural practiceg and
-_crbpﬁihg patterhs. The determination of which crops are cultivated and what
_agricultural practices are beiné employed forms the basis for the ground truth
lnvestigatnon currently belng conducted. A crop ca]éndar has been initiated

' and four months of data have been gathered. These data are presented in the
i._folléwing graph (see Figure 6.11).

| ‘It is our intention to produce a calendar which follows the cropping pat-
terns in the study area for two to three years. Because a great deal of ex-‘
pefihentation is being conducted in this area, a crop calendar which includes

more than a single year will aid in the detection and documentation of the
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CROP CALENDAR

West Side San Joaquin Valley August - December 1970
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-Both continue throughout the year.

~ there is no strict seasonal limit.

*A]falfa may be grown for two purposes. _
-2 months and mown, then allowed to grow up again. If for seed, it is
planted in rows and grown for about 4 months, harvested and replanted.

If for hay, it is grown for about

k*Sugar Beets may'be planted at any.time, yielding 2 crops per year, thus

_.Figure 6.11. The initial field investigation occurred in August 1970. The _
'__'segments. represent spans of time in which certain activity occurred, and were

__observed by_the investigators.




: déQelophen;61 e§6iu;ion of tbé cfbpping pattern‘of the area. Such a calendar
‘wili_not éhly feflect ;rop‘pfégress, but would also indicate any systems of
ICrobvfotatioh comfng‘fnto exisfence. As previously stated, cropping patterns
on the West Side afe, oh'the whole, experimental at present. This experimen-
-tgtiOnA;onstitutes an atfémpt to detérmine yhat crops and cropping patterns

aré the most‘éést effective from the marketing standpoint for this area. Val-
uable information about the potentia} for further development of this region
l.énd.other analogous areas may be gained by moniforing these ''experiments.'

In cooperation with fhe Belridge Land Company, a subsidiary of the Bel-
ridge Oil.Company, a crop calendar for a poftion of the agricultural lands
6perated by them has been compiled (see Appgnﬂixvl)u This calendar covers a
fhrge-yeér périod. While this information is useful, it represents the pat-
terﬁ of érop rotation for only a limited portioh of the total acreage of the
'»_stQAy'afea. Only after comparisons with similar data from other land holdings
lqn the,West Sidé under different kinds of ﬁéhégement may some general conclusions
be drawn for the.entire s tudy area. Nevertheless, these Belridge data consti-
tute an impoftant beginning and one which may prove yaluable in the long run.

' vBaéed on our field‘reséaréh to date for the rest of the West Side, our
daté ind?céfes thét after the fall harvests, nearly all land remains fallow

until at least the middle of January.

6.1;. _‘ lIRRIGAT.ION' PRACTICES

”'lInlour Ffe|d1research‘we have observed a variety of irrigation practices
Athroughoﬁt the West Side. In the Mendota area, the northern section of the
 West Si&e with a long history of irrigatéd agriculture, row flooding (see Fig-
" ure 6.12) and stationary line sprinklers (see Figure 6.13) are the most widely
used systems. In the southern West Side from Taft northward to Lost Hills,

- more complex sprinkler systems seem to be in much greater use. Many field and
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Figure 6.12. Row flooding irrigation of
young Broccoli west of Mendota, California,
September, 1970.

Figure 6.13. Stationary line sprinklers
irrigating young winter Barley, south
of Mendota, California, November, 1970.

Figure 6.14. Circular field rotating
irrigation system on Belridge Farms, near
Lost Hills, California, October, 1970.
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~thCk.crops are irrigated by center pivot (circular) sprinkler systems (see
Figure 6.14)‘ahd linear moving sprinkléf systems (ngures 6.15 and 6,16), while
oﬁé relatively new peach,orchard.was being irrigated utilizing a garden hose
sprihkfer-typévsystem (see Figure 6.17). |

| fhrodgﬁ thg coopefation of the Belridge Land Combany, it was learned
‘that;the more cbmp1éx irrigation systems are in the experimental stages with
.inyegtigative'emphasis onffhe cofreiation of water volume use and drainage
:'wifh'spgéfff; cfdp types. Our investigation will continue to monitor any
Jchangeﬁ thét may oécyr in the irrigation practices used for a specific crop
'tYpé.; Attentibn.will be paid to the correlation be tween crop type and par-
-ticularvirffgation'systemé utilized. An understanding of the various irriga-
tion systemg and their relation to landscape chéracteristics and seasonal
dti]fzatioﬁ'may'prove useful in identifying crop types and crop patterns from

 high altitude photography.

6.5.. INVESTIGATION OF LAND TENURE AND URBAN CHANGE

An important factor fn determining the specific land-use of a given
 area is the patterns of land tenure. Large and small farms, owned and leased
farmﬁ, may exhibif dfssimilar practices and have a varied impact on landscape.
Large land‘holdings are being investigated as well as individual farms and
 ;ma]f holdings. Tﬁe land which receives water from the Federal Central Valley
Prbjéqt‘(north of Kettleman City) will fall within acreage limitations. This
mﬁf result in changes in fand tenure in the future. Leasing of relatively
small pafcels of land may have a significant effect upon the developing agri-
cultural pattern. |

With the large increase in crop acreage, the question of processing and
'harketing arises. The possibility of new or significantly expanding urban

areas on the West Side to solve this problem seems remote. Most discussions
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Figure 6.15. Linear moving sprinkler system
on sugar beets on Belridge Farms near Lost
Hills, California, October, 1970.

Figure 6.16. Linear moving sprinkier in
field preparation for winter Barley,
Belridge Farms, near Lost Hills, Cali-
fornia, October, 1970. .

Figure 6.17. Garden hose irrigation of
young peaches on Belridge Farms near
Lost Hills, California, October, 1970.
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'(é;é;, With Belridge Land Company and University of California Agricultural Ex-
"périment_Stétion Sﬁpervisors) have revealed that farmers who expand to the West
ASfdé'Wilf:probably continue to utilize already existing market facilities on
fthe'Eaét Side. However; the centers which are expected to be influenced the

- greatest are Hhrbn, Five Points and Mendota. Changes in these centers will be
moﬁitored and the relationship of these changés to the development of the study

‘"area will be considered throughout the remainder of the study.
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- 6;7.‘ 'AP?E'ND?IX
- This aépendix contains a.crop calendar and crop rotation patterns ob-

téiﬁéd”thfbu§H tﬁe coope}at?on of Belfidge Land Company. The investigatofs
finﬁi&}eSEecfaTTy,liké éo thank:Mf; Jim Ryan, Superintendent of the Belridge

4Rén;h€A As noted.previOUS]y},thé daté‘représents only a portion of the land
.,bhder'Belrfd§e1mahageﬁent;

N :‘ﬁilb is CéedAés a'beginning‘crdp'Because it is highly tolerant of ex-
ice$s salt ahd'bbrgnvin tﬁe 56il5iand.it is'easy and inexpensive to qu]tivate
- and ﬁé* bé plowéd back under to fefurbish:the soil. It is followed by var-

" jous combinations of truck crops, grains and alfalfa.
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HoldanS'of.Belridge Land ‘Company, near Lost Hills, California.
Information concerning the cropping patterns over a three
year'period_for.those:fie1ds was supplied by:Belridge farms.
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Crop Txgés

- C

P

SYMBOLS USED ‘IN RECORDING THE PROGRESSION -

AND FIELD CHANGES WITHIN THE WEST SIDE

SAN JOAQUIN VALLEY TEST SITES

A Alfalfa

B8 Barley

BP Bell Peppers

~ Cotton

'_Cé ~ - Cantaloupes |

-Ct ~ Carrots =

Hy '“ Honeydew Me]ons
L Lettuce

M Mustard |
N Natural Vegetation'-

-~ {Uncultivated)
Onions - ‘
‘.Pasture.

‘Po  Potatoes .
R . Rye
~ RP Red Peppers

S ‘Sorghum

SB - Sugar Beets

Sf Safflower
- SFt  Salt Flat

' Tomatoes .

Wh  Wheat' .

WM Watermelon

N.C. No change in crop types.

or fje]d condition

BS  Bare Soil (plowed or minimum
~ plant cover)

C Cut
D Dry
F Flowering
H  Harvested
M Mature
R Redivided
S Sparce
VWY Very Young (seedling)
Y Young (immature)
Weeds '

ﬁj Photography taken view angle
and #
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Field Spring 68 Summer 68 Fall 68 Winter 68 Spring 69 Summer 69 Fall 69 Winter 69 Spring 70 Summer 70 Fall 70 wihtgr 70

— ) amd el
w N = O

14

17
18

© O N O AW N

15
16

19

-, m n

=
-
[«

F

F
Milo

F

F

M —= m"m m MM m M

F
F
F
Milo
F
F
Milo
Milo
Milo

F
F
Pot

W

=

WH

m m e m

Pot .

- TMm Z T M m m

Milo
Milo
Pot/F
Milo
Milo
Milo
Milo
Milo
WH

Pot/F

Milo

0
Milo
A/Seed

N .
Milo
Milo
WH

F

Milo
Milo
F
Milo
Milo
Milo
Milo
Milo
B.B.

Ct
Milo
0

Milo

A/S
N
Milo

Milo

WH/F
F

Milo/F

Milo/F
Foo

Milo/F

Milo/F |.

Milo/F

Milo/F

Milo/F
B.B.

- Ct

Milo/F
F
Milo/F
A/S
N
Milo/F
Milo/F
F
- F

WH-

m

~ Ba.

WH

- A/S

"~ WH

" T ™" m M

Lettuce
BP
SB
SB
Ca
WH

A(Hay)
Ba
SB

WH
A/Seed

AIS

Ca
WH
SB

L
- BP
Y:
SB
Ca
F

A .

0

Ba/F  

SB

WH/A

A/S.
A/S

Ca
WH/Ct
~SB

F
F

- SB
| Ca/F

Po
N

0

F

Pot |

B
A

“A/S
A/S

Wm/F
Ca/F
ct
SB/F

* To continue to 3 years,
*% Total to be 3 years in A/S.

**%x Not cultivated.

Crop Calendar of p
by numbered field (see map)

ortion of land under Belridge Land Company
during period Spring 1968 to Winter 1970
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CROP RCTATION PATTERNS
BELRIDGE LAND COMPANY
SPRING 1968 - WINTER 1970

Break-in Crop - Milo

Milo-==-- Fallow--=--- Sugar Beets--- Fallow
Milo===-~ Fallow==-=-- Lettutef—Qf--- Fallow-
Milo-=n== Potatoes=== Fallow=-nmn=nn Sugar Beets

. Milo~=-=- Fal]owf?---”Bell Peppérs-é Faliow
Milo==~== Fallow===-- Canta]oupe—e-% Fallow . _
Milo====- Fallow==-=-- Wheat (w)----=- Fallow===-=-= Potatoes
Milo=---- Fallow----- Alfalfa (hay)

- Milg===== FalloW====- Onions=======- Fallow

Milo=-=- Fallow----- Wheat (w)----- Blackeyed-- Barley=--===-- Fallow
| : - - Peas I -
Milo===== Fallow===== Onions====m=== ’ Fallow--=--- Wheat--;---?- Alfalfa (s)*
Milo----- Alfalfa (é) (3 yrs) ,‘
Milo===== Fallow===== Watermefons--- Faf]ow
Milo==-=--Fallow----- Wheat (w)----- Fallow----- Wheat (w)=--- Carrots--=-- Fallow

‘Break-in Crop - Potatoes

'Potatoes-.Fa11ow-f--- Carrots=------ Fallow=-==-. Potatoes

:Break-in Crop - Sugar Beets -

Sugar---= Fallow
Beets
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W73‘Q/355
Chapter 7 :

ASSESSMENT OF THE IMPACT OF THE CALIFORNIA WATER
PROJECT IN SOUTHERN CALIFORNIA

Co-Investigator: Leonard W. Bowden
"Contributors: W. G. Brooner, H. P. Bailey, V. B. Coleman,
P. T. Dykman, C. W. Johnson, R. W. Pease
Department of Geography, Riverside Campus

7fl VTHE NATURE OF RESEARCH STUDIES PERFORMED ON THIS PROJECT AT RIVERSIDE
Research efforts at the University of California, Riverside are directed
toward the inventory, monitoring, and analysis of the landscape in selected
aréas to be serviced, and affected, by the impending California State Water
. Pfoject. Further objectives of this research effort is the application of air-
craft and satellite remotely sensed imagery to these studies. While all of
Vsouthern California may be subject to analysis as a California State Water
Project service area, the first year's study has been confined to investiga-
“tions in two specific regions: (1) the Perris Valley surrounding the future 4
Lake Perris; and (2) the Sheep Creek Fan-Mirage Basin area of the Mojave Desert.
As the California State Water Project progresses and enters operation, it is |
: sgggested that changes iﬁ land use which may be monitored and anaifzed by
remote sensing téechniques will follow suit. Progressvin each of these areas
. of research and automated mapping techniques to monitor these changes is pre-

~ sented in the following sections.

7.2 BRIEF REVIEW AND SYNOPSIS‘OF THE CALIFORNIA STATE WATER PROJECT

The California Water Project is the first major water resource development
under the California Water Plan. The masterplian was published by the Depart-
ment of Water Resources (Bulletin 3) and approved by the State Legislature in

1959, It is the outgrowth of studies in the 1950's of the ultimate potential
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land use and the water resources of the state as per Bulletins 1 and 2 of
-the DWR.
Thé state Water Project will deliver 4,320,000 acre feet of water annually
to Central and Southern California. The major supply éf water comes from the
- Feather River and is impounded by the Oroville Dam for subsequent release
;hrough the Sacramento River and the Delta pool to pumpS on the south side of
the Delta. . Water is pump lifted to the South Bay Aqueduct and the California
Aqueduct (24h feet). |
| The ‘California Aqueduct, which will deliver the water to Southern Cali-
fornia, carries the flow to the joint federal-state utility, San Luis Reservoir,
the second major storage reservoir of the Project. Deliveries are made from
the San Lﬁis Reservofr-to the federal Central Valley Project in the California
- Aqueduct for delivery to ‘the southern San Joaquin Valley and Southern Califor-
nia. At the south end of the Central Valley, Project water is pump lifted
nearly two thousand feet through the Tehachapj Mountains. Squth of the Tehach-~
api's fhe system divides into-a West Branch for delivery to the MWD and a number
of smallerlcontractors and an East Branch for delive;y to Antelope Valley-Mojave
Desert water agencies and the balance of the MWD qommfttments. The terminal
;,reservoirs for the project are Castaic in the West and Lake Perris in the south-
east. The Projéct is the largest single water resource development undertaken
in the United States. In addit;on to the transfer of 4,230,000 acre feet
annually thrqugh168h miles of aqueducts it provides.a storage capacity of nearly
7] million acre feet. The project facilities wi]l'génerafe 5.3 million kilo-watt
_hours of electricity annually and consume 13.4 million kilo-watt hours annually
at full development. |
A number of essential features of the California Water Project are still
in various stége§ of study énd litigation. Future water supplies to augment

the California Aqueduct and the Delta Pool may be needed before the project can
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operate at full capacity{ A Péripheral Canal around the Delta has been proposed
protect theecd}ogyof the.San Francisco Bay and Delta aréas-as we}l as to provide
fo} an édequate-flow of fresh water. The Central Valley Master Drain to
prevent soij salfs from accumuiating is still<in abeyance until agreement is
reachéd on repaymént of its cost.

In totai, the State Water Project is over 95% completed or under construc-
tion. As of late 1969 it was operational td'northern Kern County. The tunnels
thfqugh the Tehachapi Mountains are coﬁpleted and construction on the pumping
plants is nearly completed. The aqueducts of both the West and East Branches 1
jof the system are under construction as.well as the four major reservoirs,

" Pyramid Lake, Castaic Lake, Silverwood Lake and Lake Perris.

The DWR.expects to begin dead storage of water in Castaic Lake in June
next year, looking toward water:de]ivery in December 1971. This anticipated
delivery of water to Los Angeles County will be followed By‘delivery of water
to both San Bernardino and Riverside Counties in the first months of 1972.

Water deliverie; from Castaic Lake will be made to three water contractors.
The princiﬁalvuser, Metropolitaﬁ Water District of Southern Ca]ifo}nia, will
A recelve’moré thanil.h million acre feet per year from that'facility.after 1990.
‘ Water délivefy at the Devil Canyon Powerplant néar San Bernardino will
~ include service to ail the San Bernardino-Rive;s{de area. :WHeﬁ the terminu;
reservoir, Lake Perris, is completed, it will Serée‘this é}ea'as Qé]] as the
- extensive water market which includes San_Diego and Orénge Céunties. Water
de]ivery.from the Perris Reservoir is'éxﬁectgd in the early ménths of 1973.

Fihanéing for the Stafe Water Projéct has been a problem area almostvfrom
its incept{on. At the tfme of its authorization in 1960 the cost was estimated
at 1.75 biliioﬁ-dollars. Today the con;ervati?e cosfs estimateg of the DWR .
amount to 2.8 biflidn dollars, while more liberal estimates project a cost of

4,0 billion dollars. Project customers will repay those amounts allocated to
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water supply; hydroelectric poweér and agriculfural‘waste water disposal
amounting to 90%. The remaiﬁing 10% will be repaid by federal flood control
funds and state tideland oil and gas revenues.

The Californié Water Project is only one of a number of large inputs
jﬁto the Southern Coastal Hydrographfc Unit. The local safe yield supplies
and the imported water from Owens Valley and the Colorado River exceed the
prqjected fﬁport of Project waters. The problems associated with water
re;ources and water importation are numerous. The Project will alleviate such
" situations as sporadic water runoff, maldistribution of water supply, ground
water overdraft and the intrusion of sea water. On the other hand, it raises
and contfibutes to still other problems such as inadequate drainage, disputed
water rights, water pricing policies of agencies such as the MWD and the

general efficacy of water redistribution and the efficiency of water use.

7.3 LAKE PERRIS STUDY AREA

7.3.1 Introduction

Personnel at the University of California, Riverside are studying the
present and future land use of the terminal area of the California Water P;o-
' ject. This area includes Lake Perrisg which is presently under construction,
and the surrounding Perri§ Valley, shown on Map 7.1. Of primary concern in
this study are the effects of the California State Water Project -- the impor-
tation of Feather River water and the creation of a terminal reservoir and
recreation facility -- in terms of future land use and development of the
surrounding Perris Valley.

To date the study has taken three approache55 (1) A land use survey has
‘begun in a sample study area using both ground observations and interpretationA
of high altitude color infrared photography; ;he sample area is nearing com-

pletipn (scheduled for February 1, 1971), and the completion of the present
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Map 7.1. The future location of Lake Perris is shown on this map of the Perris
Vailey and surrounding areas. (Source: USGS)



land use survey in the Perris Valley is scheduled for May 1, 1971, pending
‘availability of suitable aerial photography. (2) A cursory survey of residén—
tial attitudes towards Lake Perris and personally postulated land use changes
resulting therefore has been conducted. Reported and preliminary results are
“contained herein and suggest the néed for éxpanded investigation in the coming

| months. Finally, (3) eétimates of potential population, development and
expansioh, and/or land value increases resulting from the creation of Lake
Perris have been carried out using conductive sheet analog models and prelimi- .

nary results are reported herein. Future simulations will add greater realism

" to the models and similar experiments and should provide valuable insights to

social, economic, and land use planning problems to the areas of interest.

7.3.2 Perris Valley Land Use

The land use survey in the Perris Valley has been confined to a sample
area of one census tract, number 426, located centrally to Perris Valley and
adjacent to the future Lake Perris. Because we were unable to secure NASA
assistance in obtaining photography of the study area under the present. research
‘program, we were required to rely on other photography through local sources and
supported by sources other than the present funding. The photography consisted
of high altitude (1:50,000 and 1:100,000) color infrared metric imagery flown
~-in May 1970 (see Figure 7.1). Availability of the photography was a determining
factor in the selection of the sample area, i.e., census tract 426. Therefore,
only about 20% of the Perris Valley area is being sampled. Additional photog-
raphy, regardléss of source, should be obtained immediately so the Perris Valley
land use survey may remain within the present project goals of utilizing and
evaluating remote sensing techniques for studying California resources.
The study area is largely agricultural in land use and contains all or

portions of three important agricultural pfoducing areas in Riverside County:
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Figure 7.1. Black and white uncontrolled mosaic made from 1:50,000 metric color infrared photography obtained
over the Perris Valley in May, 1970. March AFB is shown at center left and part of the future area of Lake
Perris is at center right.




Hemet, Perris-Elsinore, and Moreno. In 1970 these three areas produced in
excess of $26.4 million.in agricultural crops. Leading crops in each producing
area were: Hemet - potatoes, grapefruit, and alfalfa; Perris-Elsinore -
potatoes, alfalfa, sugar beets, and onions; and Moreno - carrots, navel oranges,
and grapefruit.

Census tract 426 was chosen as the sample area to discern what percen-
tage of the land immediately surrounding Lake Perris is being dry farmed,
_irrigated, or left fallow (unused). The total area was 29.81 square miles or
19,081.11 acres which is included in the area delineated on Map 7.1.. Land use
survey is being accomplished by field observations and interpretatfons of aerial
photography.

Preliminary estimates indicate a total of 7,319.k4 acres, or 38.4% of the
total area is irrigated in census tract 426. Irrigation is either by furrow
irrigating or by thé use of portable aluminum sprinklers, the latter predomi-~
nating. In general, most irrigation takes blace away from the hill areas and
;towards the western section of the census tract. Water sources are either
vprivate wells or MWD (Metropolitan Water District) water (whfch one farmer has
complained to be overly saline). Crops commonly grown are onions, carrots,
meions, and legumes, the last to be used for adjoining horse farms.

Approkimately 9,637.04 acres or 50.5% of the area of census tract 426 is
estimated (preliminary) to be dry farmed. This essentially constitutes land
flanking the Bernasconi Hills and Russell Mountains (see Map 7.1). Crops
commonly dry farmed in this area are wheat and barley.

| Some 2,124.65 acres or 11.1% of the census tract sample may be classified
as “preéently unused'' in the preliminary analysis. This classification refers .
"to land not planted to a specific crop, but regularly harrowed over and left
fallow. The unused land found, largely along Perris Boulevard, appears not

. to have been used for some time. It is typified by an overgrowth of volunteer
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vegetation, of weeds, especially tumble weeds (Russian thistle).

In considering the potential for future land around Lake Perris, it is
suspected that specific agricultural crops or seasonal agricultural changes do
not indicate the long term significance of more important land use changes
whfch indicate either capital investment in the land or changes in economic
| activity on the land. Examples of change would include non-irrigated land to
irrigated land, or the manifesfation of a land speculators' market with the
accompanying subdivision of land for non-agricultural purposes -- fallow land
being only an interim in the process of continuation. In recent months land
developers have established a number of locations for the promotion of present
agricultural land for non-agricultural purposes and at non-agricultural prices
u(Figure 7.2 through 7.7), an activity directly related to recreation and devel-
opment potentials created by the future Lake Perris. It appears that land
_ developers and speculators perform a significant role in future land use
developments in the Perris Valley, including immediate changes in the region's
land use patterns and activities. In addition to'the compietion of the present
land use sﬁrvey of Perris Valley, coincident analysis will attempt to survey
the role and activities of land developers and concurrent economic change towards
future land use patterns. Land taxation has not yet played a significant role:

in changes projected for the Perris Valley.

7.3.3 Questionnaire Survey

Concurrent to the prelimfnary land use survey, a questionnaire was distri— 
buted. Attempts were made to assess by limited sample how people (who would
be most affected by Lake Perris) felt about the California State Water Project.
The western half of census tract 426 exciudes any towns or urban-liké devel-
opments; It was concluded the situation was good because the area contains

persons actually working the land around Lake Perris and who will feel the
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Figures 7.2 through 7.5. These photographs of the area surrounding Lake
Perris were taken in January, 1971. They reflect the tremendous change in
land use emphasis from agricultural to urban-like subdivisions. Figure 7.2
(top left) shows a real estate office located immediately in front of future
Lake Perris, at the intersection of Perris Blvd. and Martin Expressway.
Stanifer Realtors are active throughout the Lake Perris area and signs, such
as the one in Figure 7.3 (top right) along the southeast flank of the
Bernasconi Hills, are commonplace. Figures 7.4 (bottom left) and 7.5
(bottom right) show evidence of land for sale by private owners; in Figure
7.4, rich agricultural land west of the proposed dam location, and in

Figure 7.5, poor rocky land on the east slope of the Bernasconi Hills.
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Figures 7.6 and 7.7. Figure 7.6 (left) shows the only progress to date in construction of Lake Perris although
operations were scheduled to begin last Fall. Contractors began moving on-site during the first week of 1971.
The sign is located at the eastern entrance to Lake Perris. Figure 7.7 (right) is a view looking west across
the future site of Lake Perris. 'Allessandro Island'" is visible in the center and the Bernasconi Hills are to
the left.




impact of its creation. A total of fifty questionnaires were distributed --

" a convenient but arbitrary number and one designed to contact most involved
people about the above objectives and effects. To the best of our knowledge,
the questionnaire was not distributed to persons who were laborers or merely
home owners; the main occupations of those chosen were farming (dry and irri-
gafed), horse ranching, and poultry raising -~ those most affected by land

' pfices, property assessment and taxes with the ensuing creation of Lake Perris.
The éonsequences ofithese probable developments in terms of potential popula-
tion growth, industrial developments and recreational activities were of prime
concern.

Forty-six percent of the questionnaires were returned by mail. The
questionnaires were manually distributed and the interviewers personally talked
“to the local residents in order to interest them in the fulfillment of the
. survey. The results seem to represent the attitudes of residents in the sur-
veyed area. The-questionnaire, and results, are presentéd in Table 7.1.

(Note: sums do not necessarily equal 100% due to normal rounding procedures.)

7.3.4 Survey Analysis

Of the 23 responses, 48% indicated that they rent, 39% own, and 8% both
own and rent. The average length of residence for both renters and owners is
about ten years, though the range is from one to forty-six years,

In question 3, '"Do you support the California State Water Project (Feather
‘River Project)?'", the response was 78% ''yes'', 22% ''no'. Though it may not
. have any significance, the 22% who answered "no'' all rented. Only 36%:of'the
renters favofed the project; all owners favored it. Owners feel they standvto
gain in terms of economics. Land prices in the last year have more than doubled
and no doubt property taxes will follow suit. The renters'onlyvhopé is for

cheaper water either from the MWD or through the refilling of their wells by
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1.

Response Frequency

2.

10.

11.

12.

TABLE 7.1

RESULTS OF QUESTIONNAIRZ: PERRIS VALLEY

QUESTIONNAIRE

How long have you lived in this area?

Average  Average
leased owned
3 | |
2 X o:u : X = | eased
1 X oxxomgo | x| o X X 0 0 0 = Rented
O LLA‘LJ \‘,‘ A /\/ " J
0 5 10 15 18 22 26 46
Years

Do you own or rent the property
you are now farming?

Do you support the California State’

Water Project (Feather River Project)?

Do you think the population of the

area will grow due to Lake Perris?

If the population of the area grows,
do you think industry will expand?

If the population of the area grows,
do you feel air and land pollution
will. increase?

Do you favor industry in the area?

If the population and industry grow,
would you move from the area?

Do you think that Lake Perris should
be used for recreation?

Do you think the money brought in by
tourists will benefit the area?

If you dry farm, would you change
to irrigation if Lake Perris water
rates were reasonable?

Would the population growth increase
the market for your products?

Own Rent
% Yes % No % No Response
- 78% 21% 0
95% 4% 0
65% 26% 4%
| 86% 13% 0
47% 43% 8%
60% 30% 8%
91% 8% 0 |
78% 13% 8%
47% Zi%» 30%
34% 47% 17%
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ground water percolation from Lake Perris. Interestingly enough though, the
22% Qho responded ''no'' said they would not use water from Lake Perris (see
Question 11). All the owners who answered question 11, 'If you dry farm,
‘would you change to irrigation if Lake Perris water rates were reasonable?",
said they would use the water.
” A1l but 4% felt that the population will increase because of the lake.
Only 26% did not feel that industry would expand into this area, but there was
‘a definite split in feelings as to whether this was good or bad. Forty-seven
percent favored industry, 43% did not, 8% did not respond. Eighty-six percent
of the people responding, despite their feelings on questions 3, 4 and 5,
felt more environmental pollution was inevitable with the presence of Lake
Perris in the near future.

Sixty percent wanted to move if population and industry grew, 30% did
not, 8% did not res